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TIIIO ADVANCING STATISTICAL FRONT* 


WAi/rEii A. Subwhaiit 
Bell Telephone Laboratonei 


rriiiH ATOMIC noMiiH Oil Iliroshiinft fliul Nfigoimki have made the world 
.1 coiiHCioiiM, Ufi porluips no other event Iiiia done, ol tlio potential 
Higiiificimr.e of applied Kcienco. This war revealed to all that the co¬ 
operation of HciouLisls on a gigantic Hcale literally rcvolulionisscd the 
inethorl of nurrying on wars. By the grace of God, the nations of the 
world have huen given another chance to live in peace—another chnneo 
to explore the endloKs frontier of science in search of new ways of 
constructively serving mankind. 

Mont people will agree that the prolileiiis of war arc inherently 
siniplcr tlian IIioko of attaining the full advantages of seicncoin a world 
at pcaetf. For war is a minplc Ijiisine.ss in the sen.so that the objectives 
are clear and heartily wniporled by an ovorwhelming majority of the 
citizens of a nal ion; wbereiw jicneo-lirno prolilcms do not have, the saiao 
dramatic intensity, immediacy, and urgency to each citizen. However, 
the, atomic bomb ha.H brought people to a|>prociato the importance of 
the end to which sidence is applied. All ahudder at the thought of tho 
doHtructiveno.'iH of another war; all like to dream of the, world of tomor¬ 
row in whicli the object of applied science is the satisfaction of human 
wants. Iluwiiver, Hie.su wants cannot ho scientifieally deU^rininod with¬ 
out appeal to tlic samijling proci'durc.s of the .slati.slician. To the citizen 
of a democracy there is certainly some dramatic .signincanec in the 
fact that the Htatisliciaii must he called in to .sample human wuuls in 
order Hint Kdience may he applied effcclively in peace. 

It seems liUiiig llial, at tills hast animal meeting afliir the ciilastro- 
phio war througii which we have jnsl passed, our attention should bo 
directed towanl tho role, that statistics can play in the ycar.s alii-ad in 


* AildiMt M rellrliiif iimidanl ol lh« Aniorlc«n AtitoclAtlon, (.'levditml, Olilo, JAiiiinty 
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maldng BcioncB serve humaiiUy anil toward (he rcil«’ lljjit ^SHSiflstianw 
can play in giving each individual Romn ajiprcmtinn »f Ut<- dramniic! 
iafcDBflity, irainediacy, and urgency U» him of {toiiv-of Uic l!mt 

the statistician alone can solvn- With Uiis thought in mind, I Imvo 
chosen to speak on tlio advancing froiil nl in itr-f n-rvir-f-. 

directly and through other scion lists, In Ihi- mc(itilrt?rsi of «<Mni,,-|y as 
individmla. 

If statistics can he mode to minister to aU thn pcnplo, if iho nmjori!y 
of the people can bo made tu rraliiw! this cimlriliulion of if 

those who practice statistics fnlhuv n slrict Cfsh: nf romhirt, if f'lalinii- 
clans assume their roRponslbility for Uie pmiier training of lu'ophyl^'!? 
before turning them loose os stttliKlicians, then the fiiturr. of tiie ft»4iti'S' 
lical profession is assured. 

In the established sense of the term •'prnfe«.dnir jipidied U* law. 
medicine, and religion, there w nn iinpllcation a dfVoJinn jr» a highrr 
purpose tlian that of pemonal profit or Uie oarniug <>f a nvclih*K»d. 
Tonight I wish to keynote ininisUiring lu (lie people nt largo a.*! nil 
acntial rcquii’omcnt of any profcHshm. At some, time or oJlirT iK-lwt r-n 
tho cradle and the grave, every one of us calls u|M«n luctnl^crs i<f ihe 
medical, legal, and rcllgioiis proftvBiftiia. I ti ho fnr ns IIk'BO o*« w • 51, 
we como to appreciate them ns mcmlKirH of llioir profwioii wi* 

recognize that through long years of study ond (ruining they Imve 
placed themselves in a position to do for us wlmt wo emumt do fur our' 
selves. If statialica can ho made to siwve eneh of tm in » way ihrtl ive 
individually recognize and approciule, Htutisticiatia will no lorig<T Iw 
I'cfcri'cd to m Rome quartcin nu the shiavgirlH of llu* iiuirkoL plavr* Iw- 
cniiso they Jive by their figiirea alone. 

Tho high purposQ of n tlivcrnc group c«n Iks Imilt up ami iiisiiihuimd 
only by an effective orgniuzatioii. By gssttiug n ]H r‘’|»‘r(iv»s «<f llw* ad¬ 
vancing research front and the vast arinies of puns niirl iippli,‘d M icu- 
tists with whom wo must coopcratis if we are to nmlo* nur 
contribution to the aorviec of Hcionec, we vnii come Ut nsiihn folly iho 
need for a strong professional sUitmtical orguniznlion. 

TIIREE TYPES OP KOrENTlFlC lir^tiKAIK II 

Asa background for whalfollowH, it in is!<»t'Tiliiil tlmt \\i< di!>liitp,iii^b 
botivoon Ihrco broad and Homewlnit ovvrinpping ruts'goris-id of rf M-jssoh. 
In tho recent report,' “Scioncts, llus Mmlk'SH hVoiiliiT,'' l>y Vunm-var 
Bush, Director of OSRD, to the Prehidont of this I.hiiud Slaion oii u 

^ Untied HUilefl Qovommcia TrintlhK Ontwj, WfL6lt{nftU>A, 



TltK ADVANCING BTATIKTICAL FllONT 


3 


program for jiOHt-war Kcicnlific rcscftrcli, the following three calc^gorica 
of research arc recognized and briefly dcHci ihcd: pure research, back¬ 
ground rcaciirch, and applied research and development. 

Pure research is there deflned na rcfionrch without spccilic practical 
ends. It is directed toward the acquisition of knowledge and the, under¬ 
standing of nature and its luw.s. liackground re.seareh is ty])ificd by tho 
collection of cconoinic, liusines.M, census, inclcorolngicnl, and oilier 
typos of data; llic dcterminatioii of physical and chemical constants; 
and tho CHlablishmeiit of slatnlards of c[iinlity for foods, drugs, and 
otlior mamifaetured inaUniulH. Applied research i.H generally directed 
toward Bomc practical end tlclermincd hy human wants and it is 
usually cxiicctcd that the cost of sucli research will be met through tho 
benefits that occruo from the research itself. 

TJIE STATIBTICAIj PIIONT IN TUB TIIIIEE FIEI.DB OP HEBEAncn 

Pure Itc/iearclt. Since the turn of tho century, groat progress has Iiecn 
made in extending Ihn Blatislicul front in jinrc rescarcli. Advances Itavo 
been made in the field of the stalislicnl description of Blcllnr phenomena 
by Chandrasekhar and otlicrs; in llio development of stalislical 
mechanics by Kinstein, Bose, l^erini, Dirac and otliers; in the statistical 
clc.scri])tion of meteorological jihciionientt; and in the development of 
BtalisUcai theories in genetics luicl many other fieids. )SlaUHLic.s has 
progressed also in psyehomelricH and econometrics. But iierhaps tho 
greatest progress within the piwt two decailcs has I icon in the field of 
iTialhcinatical slalislics along th« Hues typified hy the abstract malorial 
published in the /Inwdfl of tMadiemaiical iSUilialira. 

Such work has heen higlily imlividualislic. Much of it has been done 
by those unlcnown to mo.sl of the members of the Amorioan Slatislicul 
ABsoeiiition. lu fact, many of those who have done most to exbmd tho 
frontiers of matlieinnlicnl slalialics are not known oflie.ially as Htatisli- 
cians: Kviai U. A. lusher, Ilololling, and Wilks are not listed as HtiitiH- 
ticiaiiH in their eollcge registers. Ijikowiso the men who have contributed 
to tlic knowledge of nature through the a))plieation of statLslics are 
seldom known to their fellow scioilists ns stati.sUcinns hut rather ns 
profe.ssioJiftl men in t)ie subject matter field wherein they contrilmtcd. 
Statistics, in oilier words, has no pnrlicidar subject matter field solely 
unto itself. 

Moreover, most of liie eontribulions of statistics to the (lifTercnt 
su1ij(<ct mutter fiehls are nialheniatieal in character; and in so far as 
HUeh eonlrihutions are imitlienialieal, it is little wonder that f<>llow 
Bciontistu often (piestiun the existence of a atalistieal front ns such. 
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Many think Bimply of tiio diflfcreiil pul>jf cl mnltcr fn.ntB »inilc olliwfl 
think of statistics na a part of the. matlirinalii’al fmn!. 

Let us pause to examine the BiBnificmiw of llm ttUuslion from tlio 
viewpoint of professional organizations in llm ficUl of aJntifilirs. To 
maintain an advancing front in pure HtoliHlical iw-pardi l,»Mih in ihp 
subject matter Mds and in maUiwnalics rwpiirw support a?* rh,*-* |jvirr‘ 
reaoaroh in every field. It is perhaps true Liml each j<:nl»jcrl nmUor fii lrl, 
in so far as pure rescarcli is conccriiccl, can olilain i«ui>|Mirl, for Ihr dc- 
velopmont of tho statisUcal aspccla of nalurc! (wntial lo tlntl field. 
Tlioae engaged in pure research in the separate fichls will undouhledly 
recognize the need for courting the inathcmBtieal hlalisticiaii engaged 
in extending the boundaries of malhcmalicnl sf aliKlics iwsr for )H-r- 
haps never before in tho history of science have scicnlii^lft in the .f-nl ijr'et 
matter fields appreciated «o wholclicartcrlly the conlrihnl ioiis nf mnihe- 
matica. In fact, acientisla are coming more and more lo rtaliw' that 
moat, if not all, theoriea of nature aro mallienintical in clinract-cr at 
to tho extent that the idcalizod abstract mcjdcl.s of nnlurd phctioiiu'na 
are described in malhcmalicol Icrma. There is, of course, n nml for the 
mathematical statistician lo come into contact with the jirohlcmsi re¬ 
vealed by nature in the BoparnUs sciences if nmtlicnmUc.** w li* ennlriltuU! 
to tho solution of auch problems. 

Those working to cxLoud tho bounclnrica nf mathcin&lirni si-alUtica 
need to have an organization such, for example, ns the luBtilulo. of 
Mathematical Statistics to eervo na n go-botwt*t?n for pure mnthoinnties 
on tho one bond and pure sciciKC on tho other. Tcj tlicir fellow re. 
seorcherB in other fields of pure acience men working in Him rr‘nlm of 
atatiatics will probably always bo known primarily ns mallieinnlieiaiifi. 
Certoinly to those working in the ficlda of Imckgrouiid ami npplictl 
Boionco and to "the public, such Hlaliatical rcacarch workcra will prob¬ 
ably always bo known aa malhcmaliciaiia. Hence, «o long a« we iJiink 
of the contribiitionfl of etnlisUcs to pure rencnrch, we may c|ue«l,inn Ihe 
need for an organization beyond that of malhcmnlicnl elntieliriMita, 
Wlien., however, wo conaider the service to the pulilic of pim* hinlii.iir>nl 
research through its contributions lo backgrouml and applied rewurcli, 
W 0 find that an organization repreaenting tho common iiil-nrc^ts of all 
Btatiatlcians is a nccea-sity. Otherwise wo cannot fulfill our oblignticiitB 
to tho public upon which we must depend in the end rorreciigniUi.)it and 
Bupport. 

Background and Applied Research, Turning to the fichlK of back¬ 
ground and applied roBoarch, tlirco points sluiuUl Iks kept in niinil: 
1) Bach roBcarch muat involve the cocpcrafion- of many individual np- 
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plied scicntifltSj sometimes literally hundreds, 2) such rGsearcli is 
directed toward obtaining knowledge useful to many individimls and 
sometimes to practically the whole public, and 3) llm UHcfulncsH of sucli 
work must be recognized by those who receive the benefits in order 
to gain their financial and otlier support: applied research must pay its 
own way. 

What I want to do is to indicate in some detail the endless field open 
to the statistician in applied researeh and to indienle briefly some of the 
prol)lcma involved in obtaining tlie cooperation of individual aitplicd 
scientists and of groups of applied seienLists in carrying out a few major 
lines of application that aris of significance to llio public. 

Fii'st, let us consider simply the background research of staiidardiza- 
tiun as carried on by groups like the American Standards Absociation 
and Ibc American Society for Testing Materials. Work on standardiza¬ 
tion proj<*ctH often I’equires the cooperation of many diflcreut kinds of 
scientists roprcsenliiig the public, industry, and government: the num¬ 
ber of Hucli projects runs into thousands. Kucli sucli standard is, in 
general, arrived at through cornmitlco action often extending over 
several years: many compromiscu must be mode, some bociuiKC of a lack 
of scientific knowledge, some because of economic requirements, and 
some because of other limilalions, Kncli standard must be, ns it were, 
a tailor-mndo job tliut is snlisfoolory to dilTorent group inlorosts. Mtwt 
of the applied seienli.sts coopernliiig in such a project are not familiar 
with statistical theory and application; many of them arc, in fact, 
antagonistic to Ibc statisliciau. Yet these scicntisls arc in LIjc saddle 
and decide wliat shall be done. 

lilvon if we assume that we have the ideal condition in which a 
standardizing cominiltce is cuniplolcly sold on the n])pliculiunB of 
statistics, there remains tlic problem of translating the contributions of 
tlio stuU.Htioian into llic written specification in a way tliat will bo 
underslood by tliuso wlio use it—a group that often includes hundreds 
of peo])le; indeed in ll>o case of a consumer standard, thousands of 
people. Tlie problem of putting statistics to work in slniulardization, 
one of tlie fields of background re.searcli touching all of us os consumers 
of foods, drugs, and oilier manufactured goods, is a tremendous job 
onlling for tlio eou]>eratioii of aiiplicd seienlisls working not only as 
individuiils Init us groiqm, This is ml a problem that can he solved by 
Blalisticians working indcpmdtnily: yet in its solulion lliere is room for 
luiiidrcdn of HcienliKts witli basic trainiiig in slatislicH. 

In applied researcli, let us consider only iudustrial re.searcli. In 19-12 
tliero were 2201 induslrial researcli laboratories: today Lhero me many 
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more. Yet I doubl that many of llic rlirecUirfi of th«‘«c lalw<ra(oTieft liavc 
any appreciation of the pulcnlial contribuLions of tilril.i-«Sic:!«. In lUiifl 
there were 184,230 manufacUiririg finuH in llio UniUfl l<wrlny 

there are porlmpa as many or more, Yrt I ilonbt (tint mnnnKieiiK'ril in 
any but a fow of these firms in aware of llie imlentioJ cnnlrilnjliniiR of 
statistics. Of course, many employ Blnlistieiil clerks and n few iimy evon 
employ one or more persons cullcil stalisticinim but their Atnlwlira 
is usually limited to biiBinctfH and economies. There ijt a bi«: gap to l*e 
filled between the contribuUonB of the mallimiaUcnl alalisUrifin iit Hie 
Annols, for example, and the appreciation of the value tln?ff«*<.f on the 
part of management in any large frercenUtge of induulrinl iMlHiraltiries 
and manufacturing firms. Neverthelcwi, BlnliHliciana have, ii great up- 
portunlty in this almost unlimited field to servo the public at large lis* 
users of the manufactured goods turned nut. 

The contribution of Btalistics in these two ficldH of ap[)liir*d mfi’-arcli 
lies not ao much in solving the prohlcms usiitilly put to the slalblicinn 
by those not statistically trained as In helping to cwirdinntc the 
of specification, jiroduclion, and inspection, This may Int conaiden.!*! jus 
a Bciontific experiment for making the moat cflicirnt inw of liiirtmn cfTnrl 
in tho production of goods to satisfy human wants, The long range 
contribution of statistics depends not only upon getting ninny liiglily 
trained statisticians into industry but tdso upon creating a sUifMatUi/ 
miauled new generation 0 / lime phyaicisls, chcMisU, tnginrera, and oWit M 
who will develop and direct tho mass production proceaH-es of loiiiorrow. 

Lot us look at the problem of interesting Ihn mcntbciu of pndc^.-^ionttl 
organiisations in the three fields of pure, background, and applicil re¬ 
search. Broadly speaking, profeasional scicaiilic organiwitiiinH rimy 1 mi 
cloBsiliecl under Ihcso three bendings although the bouiulnrim nte not 
distinct. At tho pure research level, wc have thow orgiiniimruinH; repre¬ 
senting tho basic natural and socinl Hcicnces; til Hus level tif npitlb^l 
reseaich, wo liave largo profc&Hional gruupR Kucli on the rnginemiiig 
socicLica, several of which have menibcraliips of 20,(KK) or nuin*; nt I lie 
level of background research wchavc llio American Snciely for 'iVsling 
Materiols, The American StandnrdH Aosociation, anti certain Irmlii ns- 
sociations. By and largo, llieso professioiial grouiHi with n ciiiiibiin-d 
membersbip of moro then a hundred LlKiiiHantl niti r(‘f«iHinK=iblf* fur tho 
dovelopment of tho scicntirie rcHCiirch front. Tliems groups in tin* i iid 
will doterraino to what extent, if any, Hlatislicnl melliiHlM will be 11^411 in 
their work. Wo must firat gel UioincinltcrHliip of lliew! HtfieiJlific gniiiiis 
to give us a chance to show how alatislica can help. Then w« imihl, work 
in close cooperation with ihcso groups in putting Klalistics to work for 
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the public good. Statisticianfl must aflsunio a large part of the leaponHi- 
bility for finding out liow they can best serve the tliousaiuls of scientists 
in the ditTerent subject matter ficld.s and then they must cooperate 
with other professional groups in the different subject matter fields to 
ECO that statistical method is applied wherever it will yield useful 
results. 


T1UIJ3E WAYS OP BEIIVINCI PBI.nOW SCIENTISTS 

Three ways of serving fellow scientists are through joint meetings, 
through joint committees, and through publications. For years our 
Association has Ijccn accustomed to holding joint meetings witli other 
groups, particularly in the social sciences. More recently joint meetings 
have heon held with the Institute of Mathematical Statustics ami the 
IMomotrics Section has held many joint programs with groups having 
interests similar to theirs. By and large, however, there have been no 
joint meetings with the majority of the scientific groups primarily re¬ 
sponsible for pure, research in other than social science fields nor with 
the many large groups responsible for Imelcground and apiilied research, 

A joint committee typo of approach to applied research in engineering 
was startcil in 1020. In that year R, B. Wilson, then President of the 
American Rtalistieal Association, cooiierntcd with a small grouji of 
statisticians in getting the interest of certain professionol engineering 
groujiH in sotting U]) what wan and is called llie Joint Cominiltoc for 
tlic Development of Blalisticnl A])pli(talionH in Rngineering and Manu¬ 
facturing. This committee was actively sponsored hy tlic American 
Statistical Assoniation, tho American Society for Te-sling Materials, 
The American Society of Mechanical lOnginccrs, and the American 
Matliomaticnl S<»cieLy. Tho membership was made up of two repro- 
Bontatives from each of these sociclicH. This committee, working in 
cooperation willi the officers of the sponsor societies, has been largely 
influential in initiating most of tho nclivitics that have taken place 
since then in organizing stnlislical clTort in the engineering field. 

It was al.so realized at that time hy the .same group of statisticians 
that it was de.sirahio to launch a committee inlorcsLod in the ap))lication 
of statistics to tlic liackground rosearcli of standardization. Such a coiu- 
mitloo wiui set up and lias been active ever since in the American 
Soeiety for Testing hfateriuls. A short timo beforn the war another 
small group of sUiliKtieians n'cugnizcd the desiruhilily of getting formal 
action on the aiiplicntion of sliitislics in quality control through the 
standardization of siinplilicd methudH. With the cooperation of tlie 
War Department and tho American Standards Association a committco 
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waa sot up under the nuapiccfl of the Atncriiin StnntlBrdM Awocialion. 
Thiscomniiltco turned out three omergenry war<*laiKlfinl« id 
quality control anti theno were tiHtl exlenoivrly n<rl only in Anserjea 
but also in Australia, C’aiintlft, mid ICnftlantl. 

During the early years of the wnr, there were nfCr-n di«niKHS<.iis< by tlir* 
Board of the American Slalislieal ^'isstHritiLioii nlHiiil lire lu'eil fi,i,r n 
joint eoininitlcc reprcKcnling Home t»f tire mnjor frehls of ivn.r roNvirrli^ 
more nearly ou the pure roKenreli level, to net in an iwlvi>«<iry enpHeily 
on the applications of stnliHlics. XettUing aviu? thmi* ofTinttlly by the 
Aeaocintion. but stalisticiaiiH working iinlepentlonlly in coo|M rf»tii*n 
with the oflioerB of the National Itewfureh Ccnineil nml j*nr!lfuhirly 
with Dean Eisenliart, chairman of the Divicitin of l'h>>ieal bVii iice!?, 
organized in 1943 a committee on applied inallu'niaticaljilMtbiics with 
subdivisions on pliyaica, che.niiHlr,v, psyehologj', ccononin'.j^, inulln*- 
matical statisticH, Inologs’, ami cugincerinR. 'I'hiv hsw bml 

from the lioginning liaison incmbera with the W’jir and Knvy Ib'jwirt - 
ments and tho War Production Board. More rceendy, linisoti n'|ir» 
sentabioti Ima been secured on the pari of lire Nntionnl Pliyeirid Icnbo* 
ratory of Great Britain and Iho Council for Screnlifio and Imluhlrml 
Kosoarch of Australia. The latest develo])mcal in I Ida orgnniwtl rtini- 
mitteo cJTort is tho cslnblisiiment of a comndUcre, unilrr tlrejoinl 
direction of tho National llosoarch Council and the Sfrelal J^’ieiu'o 
Research Council, charged with tho study of the Hciontilie problonm of 
measuring public opinion, altiUides, and consumer wunis. 

Much of tho work of these committeos has Ireen of nii advisory nulnre. 
For example, tho joint committee on engineering, which is n<iw simn- 
Bored not only by tho original sponsors hut also by the IiisliUit« of 
Mathematical Stalistic.s and tho American InsliliUe of Ivleelrind 
Engincors, has coopciatcd with difforent engiiicerutg groiipr!! in s^-tling 
up special committees on Uio application of slatislics williin llaw 
groups and in arranging for the presentation of paiM ra on apjilitNii 
atalistica on the progiams of many of the engineering sorit-iii e. Jiisl, 
recently such a committco waa set up in lhc> Ainericnn IIl^liuU<‘ of 
Electrical Eugincers, 

Some of these committees have operated to Beenrc not only nntionid 
cooperation but also international. For example, (In* Joint tVnaiiulb^", 
through its sponsorH, was influential in Klartiug tlu> movement, in tiu-iil. 
Britain tliatlod to tho organiicatloii of a comiidlUre. under tlitf nuB[iii‘e .‘4 
of the British Staiulardu Institution. InieresL ihua arouMHl lm,H Ikm-u 
crodited by our English friends os tho spark that started tlio muvcnu'iit 
whioh led to tho formation of Iho Agricultural and Indiuilrial Rufts’jircli 
Section of tho Royal SlnlUticol Society. 
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To dale, howovor, sucli cDfort hoa been largely iiuUvidualialic oven 
perhaps lo the extent that few BtatiaLicians in eitlier the Ameriean 
Btntifitical Asaociation or the Institute of Mathcmaikuil Statistics are 
aware of it. Furthermore, these committcea have only scratched tlio 
surface of the work that needs to be clone by way of coopcralion with 
otiioj* seJentiric groitjis. Perhaps t)my aefc a pattern, lioucver, tliat do- 
eorvcH more study on tlio part of those interested in the slaiisLicat pro¬ 
fession, In puHsiug, it may bo remarked that in setUng up su(ili joint 
comniiUecH it seems desirable that ut least two ic^prosentnlivcs be 
chosen from ouch participating group. One Hliould ho an "elder .states- 
man^* in the subject matter field of Iho group, in a<ldition to being a 
person who is broad-minded and interested in all new dovolo])inont^* 
that iniglit contribute to the work of his profesHuni. At the Hiimo time 
he should be a sympathetic but Imrd-boilccl critic. Tlui other roi)rcscnia- 
tivc sliould not only l)o qualified in the particular Huhjoct luatUn- field 
but also in tlic technical applications of statistics in that field. 

Let UB turn now to the problem of »^erving our fellnw seienlists by 
means of publicabionB, At least two media must be considi^red: journals 
of the many diffcrimt aciontific organizations, and a thorougldy up-to- 
date statistical journal containing methodological and suhji'ct matter 
articles of geinsral interest lo HtatisticiaiiH working iji the llirco fieUls of 
rcKoarch. To dale, BtatiHlieiaiiH working us individunls have pulilisliod 
articles in many professional journals, and the editorial Ijoard of tlic 
Journal of ihc Avmncan HUiUHiiciil AnHOciaiion plans to provide a 
journal of high calibre that will curry matcn ial of broad general interest. 
For example, the article by Walcl in the Reptember issue of tfio JASA 
IB of potential interest to memlicrs of many professional organizalions 
in the field of pure and applied Mcience, 1 fence progrens is being nmde. 
However, wc still have a long way lo go in developing a wolbthouglit- 
out plan for reaching Urn thousands of sciontists in diflorent subjeeb 
matter fields. 


TIIRKE WAYS OF flEUVINO TUB TUnHC 

Let US now' coiiHider some of the; ways in which staListicians servo 
tlio public. As already noted, it is eKsenlinl for the oxisLenco of a Btrong 
profcHhional urganizathni that the public rec<)gnizc to somo extent the 
service rerulorcd by itn mcml)or«. If, for nxannilo, the pnl)lic hccomcB 
aware tliat by extentling the use of HtaLislicH in many fields of reHriarcli 
the potential oontributions of that research in Hati.sfying Iiumaii w'niUs 
may bo maximi'/ed, it will not only appreciate tlio Hiatisticiun but it 
may also Indng prossuro to ])oar wherever necessary to sen that desirable 
applications of Btatislics are made, 
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Since, as already noted, Uic profr<iMrirmJ fseientifir Rmniw in the 
separate subject matter fipitls mainly determine the esWul, Ui ^vhieli 
statistics will be used, I slinll \iw tlm llure-fciUI rliwiriralb-n mn- 
tributions of research that arc eSBCiilial U> llie pul.jir in Hr. 

Bush’s report, These are in the war against di.srn.t*e. in llie uiMnU uanee 
of national security, and in increasing public wHfari'. By ailnpiing ihiH 
classification we may more cosily see how the need for lin* c'‘)jlTil.u(i>in 
of the Blatistician fils into the pieliiro of the need forfdeiililir pr<.p:r('«.s 
presented In this report and now Hung difc^ll^!>^<l k>* rAb je*ivi3y in 
Bcicnlific literature. 

H^'ar Aflainsf Disease, The study of viliU elnli^lie.p, irududing (he 
study of epidemics and the causes of clijfea.«e, woji one of (be earlir^r-t 
fields to w'hich slalisticianR contributed, filalislienl j‘liidie<<, lu d<*ler- 
mino hci'edilary susceptibility to disease have lone of inlorewl 
from the viewpoint of preventive riiediniu'. The <h-Jeruiirmli<.<ji «f (Im 
effects of drugs and medical IrralmcnlR is inherently n very roiupliraird 
sampling process. Statistical metliedn, of eourj>e, Imve Ixen long uo**! in 
studying the clTcctn of specific drugs in Ibn lalMirnlory. Here slnli«lira 
plays au important part not only in the inlerpretfiii«»ii of re.-idts but 
also in the design of eflicient experiments. Hlnlisiles nb'O (daypi an 
important role iu the study of (lie effce.lH of different KiiuU «d bnelerin, 
climatic conditions, and the like, on licnllli. Il should not H< hard In get 
across, even at the high school level, some appreciation of ]*iirh ii“«*h nf 
statistics. In the whole field of foods ami dielelicM (In* publie r»»ohl Im 
made to appreciate something of the imimrlanre of iiln(iptie». 

Ifalional Security, For yearw goveriuiient aReneies Imvo rniitlnycd 
most of the statisticianH. Their Bcrvieca have long Um'II recngnijn'rl tw 
of great importance in Iho cnllttcllnii and nwomhly of faeliial infnrniri' 
tion about tho supply and demand of labor ns well «k (lit* supply ami 
demand of innnuracliircd goocl.s and agriciillurnl prudurt.'^. The stalirt- 
tician has for years played an important part in ngrindhirnl exjwri* 
mentation, in the Bliidy of Boeial IrciitlH and in Hie gem-ru! field of eco¬ 
nomics. In 80 doing, ho has made nvnilnlile inffirinalimi of gn nt vidiie 
to those responsible for plnnniiig national semirily. 

However, at the beginning of the prewmt war there wa;* lUlle ap¬ 
preciation of the value of the slnliHliciaii in govei iniieiil ulber (liun in 
the fields mentioned above, Uven iu selling up (he Xatiminl Uoj^'ler, ihe 
profossion of slalistice was given liUhi rticognilh.n. I Inwcver, duriuK the 
war this situation was greatly modified. Within mu'Ii ngeneieir aa (lie 
War and Navy DopnrtnienH, Uio War IVoduelioii Hoard, the Hflic* of 
tho Surgeon General, and the NiitionaU lefeiiKe Um-arcli t’omtniiUu«, 
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stalisticians were givun a chanco to make important contrilmliona. 
These extended beyond the businesa and aocltd fielda into the fielda of 
background and applied research in the natural acicncea. If and when 
the record can be made public, we will find a surpriaingly large contribu¬ 
tion to the war effort in the fieklB of pcmonnel plncemcnl, operational 
research, development of improved war materiulH, and the control of 
the quality of much of the material used by the Armed Forces. 

However, the oi'gnnizalion of auch alutialiciil effort depended pri¬ 
marily upon the initiative of small groups of stalislicians. Had we had 
at the beginning of the war, a strong prufessiunal organization in¬ 
terested in all rields of applied research, I think that our coiitributioii 
would have been oven greater. Prior to the war stalistieians had not 
given sufficient allonlion to the developing front of BtaiisLies along new 
lines, particularly in the field of applied natural science. Organized 
planning was so inadequate that there were not enough slatmLiciana 
qualified even to teach the large numbers of tccliiiicians required. 

From tlie vicwjnnnt of future security, aatrong prufessiunal organiza¬ 
tion is needed to keep building suflicicnt public Bujiport for the many 
nets fields of up]illcation that are likely to bo of use in developing our 
national security. Moreover, if the potential contribulions of slalislics 
in this field are to be realized, much remains to be done in gelling across 
to a large percentage of the pulilic tint purl ]ilayod by sluliHlies in this 
war. Professionnl organizations in other liolds of apjilieil science have 
already taken sU!p.s to get rocognilion fur their work, fn the American 
Statistical Association, the officers nod many of llie members have 
given much eon.sideration to this problem. Uno of llie steps lii’ing con¬ 
sidered is the jnihliciition of lechtiicai arlieh^s in the JAi^A to ac<|unint 
all slatislicians with war-time conlrihulions. This, however, is not 
enough. We need to reach great numbers of people irho never see tim 
if/liS'/l. Through short articles and editorials in the ine.^s and popular 
magazines, an effort should be made to indicate in an understandalilo 
manner not only the conlribulioiis that sliilislies made in the war Init 
also the nece.ssily of conlinunily developing sueli apiillcations ns a part 
of any plan fur sccurily. 

Public Wcl/fire, In n dcinoerncy, public oiiiiiion and ulliUule.s play 
an imporlnnt role. In so far as juiblic polieies arc determined upon Iho 
basis of public opinion, it is certainly of inlore.sl to everyone that sueh 
o|)inion lie meusurcul in (hr brsl ptmiblr. xmiy. All of you are W(‘ll aware 
of the (HiniplicaUsl statistical saiii|)liiig problems as well ii.s the pHy(;hi)- 
higical, eeonomie, and oUusr problems involved in lIk! measurement of 
putilie opiuiim. However, itwiuild not be extremely dinieult, I belim'e. 
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to make most people liavc an Apprecialion for of Ihv mnra fUj- 
mentary BtutiBlicol problems involved. 

Even a group of men sitling around an old pnPbelly jttovo in a buck- 
woods general store could be made to m-c llio falliwy in tltc LiUraru 
Digest Poll. If llic ])ublic can Im convinml of Hie impnrlanrx- *.f lining 
adequate stalislionJ care in micli work, is it not rea^onablo tlmt lln'y 
would support a profos-sional organij^alion Ibat woid«l a-wsmt; Jlio u-.. 
Bponsibility for providing ndctiuolc alalislrenl lecbniiprixHi f«r ib'fc 
working in this field and for ocriuoinling tlit* pnldic with tofxTJnntinn 
that will help individuals to form valid jmlgmcnls on rjiswii.ni!* in¬ 
volving public opinion. It ecems to me llmt lltU b one* of Uic public 
services that the Association can render. 

Another cxamplo of Uie ueefulncus of wUitisticft to all Individual if* the 
establishment of consumer slandarda of qualily. (Ine a 5 ijw-ct of this 
problem of particular interest is that it rcciuircfl the cwijW'ration not 
only of applied natural but also of applied social Bdpnli>l{*. Much work, 
of course, has been done by mcmiKfrs of the Markeling U<»»<tar<!h As¬ 
sociation, by certain govornmcul agencies, and liy atandnrditiing 
groups. Success in this field is, of course, chistdy Ucil up with sucems in 
solving the problenis involved in ineaKtiring public opinion nnd al¬ 
titudes. So far, a largo part of the work In conaumcrKlandnrd* hifc»lrf‘cn 
in determining preferences botwocn things known to Iho e(in«iuriu'r. 
In many coses, more needs to be done by way of dclcrniiuiiiR what 
might sell, and what might give oven greater Bnlisfoelion It* ruBUuiii'n*. 
Hero I am thinking primarily of whnt might Ire done at the Hpidicil 
research level by a team composed of idiyidclBia, chomisi^i, iwycludo- 
gista, coonomiata, market rencarcli men, Klatbitic;iaiu<, aiul fUMwibly 
physiologists in solving some of the problems of wtUblUliing cxinwinuT 
standards. During the post two years, these problem# have W-'cn dis¬ 
cussed in several issues of the ^h//c/ih of Iho Atnoriran fw«'h'ly f*'t' 
Testing Materials nnd the American Standards Aftsts intiun publica¬ 
tion. 

To make further progi'cas it ie csncnllnl that slalislicians, familinr 
with what Is known nt the present time about the science of iiu^OKiiring 
opinion and atlUudca, cooperate with profesaional grtni|Ks likotlie 
American Standards Association and the Atiiericnu Hociely for Tffsliiig 
Materials to establish standards in torni# of physical, ciieiuiciil, and 
other properties. More tlinn ildn, it would be highly tlc:8iri»bli* if wc 
could find somo objective physiological moa«urc» of human rcnciiuKH 
that would bo more reliable! iit many inslniieca limn verbal CiXjirciaiioii, 

Tlie problem of etandnrdieation ia dilDcult oven when cousidered in 
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terms ol thcoroticftlly measurable characlcrislics of a produefc: wlicti 
we couple with this the problem of determining in a quantitative mati- 
ncr the cori'elation between Inunan reaction and physically measurable 
characteristics of manufactured goods, it is obvious that the problems 
arc vastly more complicated. All of these problems arc inherently 
statistical and unless statisticians as a professional group assume their 
responsibility in helping to Holve them, statiHtic.8 will have lost one of its 
great opportunities to serve the public in a way that tlic public cau 
understand. If, on the other hand, these problems are attacked in a 
half-hearted manner and are muffed, the day of full juiblic recognition 
and appreciation of the staltslician will ho greatly delayed. In other 
words, wo liavc here a frontier for a))plicd stulisticul research of the 
highest order. Wo have here a problem in which the public is greatly 
interested not only as individuals but as organized groups—wo have 
hero a problem that the public wanfs solved. 

In closing this section on public welfare, lot us consider briefly the 
question: What can statisticians contribute to general education? The 
recent rcjiort on General Education in a Free fiocicfy, publislied by 
Harvard University, gives the following definition of general cducoLion: 
'‘It (general education) is used to indicate that part of a citizen’s whole 
education which looks first of all to his life as a rcHiionsiblo human 
being and citizen; while the term 'special edneution' indicalca that 
part which looks to the citizen's competence in suitic vocation,” 

I have recently rend not only the llarviyd report but many other 
discussions on general education and I am pleased to find that several 
emphasize the impurlancc of some knowledge of scientific method os a 
part of general education. In a fesw cases, the aulhunj mention stntistica 
hut not in a way that indienlcB any rclationsliip lo scientific method, 
Tills is not surprising beoauso Ihcro lias been little effort in statistical 
leaching to cmplnwze how staUslical method is related lo the three 
steps in scientific inclliod, namely, hypothesis, experiment, and test of 
hypothc,si8. If the student were made to appreciate that, because of 
the statistical nature of observable phenomena, it is often necessary to 
replace the three steps by statistical liypolhcscs, atalistically designed 
experiments, and 8tali.slieal tests of hypotheses, lie would appreciate 
the devciojiiug growth of scientific method and Iho contribution of 
Hlalislics lllereto, 

From the viewjioint of general ediiention, slalisLicH is not simply a 
tool us is so often stated but a scicnlific wai/ of looking at the umversn: 
stalisticnl method is not something apart from scienlifio mellmd but is 
scienlific melhod udjuslcd to tlic generally accepted view that scicnco 
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ia not exact but only prohaltle. SLttt!*Uc« is like Ibe wrU drj^w^i l.riJe 
in thfttBtaliBtica "weara"; 

Something old; scientific mclhrKl. 

Something new: im'provcjncnis on rncfi of iho (hnr tUp^ fn ii>fifvh’Jk 
method. 

Something borrowed: Matliomnliw and higir. 

Something blue: Conlribulums in the “lilm* chip" dasfs in every sub¬ 
ject matter field. 


coNcut’Dt.Mci nj£;u.vUKa 

The fitftlislical front is the avIuiIb field of jicimw. (liiillMdjtifl i.f tlirtt 
front exist in every nubjccl mailer field of nKarch, Mstny mUjuunlN 
are manned by Binall Bcoiiling partiw* of pionwritig K<»nK; »4hvr» nro 
well-organized groupn like the Uiomelric-sfitTlhin »f IIh’' Aoicrican Sja- 
tislical Association, the liconoiwelric and Pajirli'ino'lric the 

Institute of ilalhcmalical Statistics, and the American Markcling 
Association, Some of UicBC milprwLa have nirrady ndvanml out of 
sight of tlio others; in no instance are the liiifw «»f comrrmnicaiion twh*- 
quatei—even worse, there is no availnhlr* map showiiift Ihf locvitioii, 
pemnncl, and ohjcctivca of these outpmU. 

Fieturc tlicsc out|>ostB on the sciciiilific frontier fneh w’iili n iids>^i<in 
to porfoira that in of vilnJ interest lo Uio public, Imt wiihout any o«c 
headquiirlcre statistical organisation to which apiM-ala can I.m’ rlircri*^! 
for tho latest statistical results from the similar outjnMfls in (dlicr fichh 
of pure, background, and applied research; williont miy oto'i hcml- 
quarters organization to stimulalo Urn training of new recruits in the 
separate subject matter fields; without any one liendquorlerx urgnois.;!- 
tion to maintain adequate public suppnrl for Ihcir work vittU to our 
national seumity, war against dificase, and public welfare. 

To insiiro continued ndvnncom(<nt on tin; hlntistienl front, we niN'd n 
strong professional orgnnizttlion bucked by a//.■’IftihlieimiH working in 
the many clilTcrout subject matter fiohla: an (irgiuuxjiliun wlotso piirpoMt 
shall bo to foster in the broadest manner the srrVncc of slaii^iiw iind its 
applications; and to promote a unified, eflectivc, orgaiilsod cfrorl in 
advancing tho common intercstH of nil professioind MaliKlicimiH, 

To this end, sucli a professional orgnnixulion noetU in coiolui l joitit 
meetings and conforenecH witli niiuiy organunlions in ilio lit-ldo of pure, 
backgi'ound, and ai)plicd rcBcarch with \vhou» otlivittl eontsfl. biiM uovi-r 
been made in tiro post; to cstahlish joint cummitliBm with olhor Kcion- 
tifio groups wliorovor necessary; to produce and (.lialribnUt imblientions 
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devoted to Btntisticol mctliodology and atntiBticiil knowledgn of com¬ 
mon interest to all professional Btatisticiaiis; to iiroviilc tlm ])ublic 
through tlic press, leoturo platform, and radio with rclia))le informution 
about tile science of statistics and its contributions; and to stinuilate 
statistical rcBoarcli and promote Iiigh professional sluiKlartls in all statia- 
lical work. 

I hope and liclicvc that the American Statistical AKsociatioii with the 
cooperation of other organized societies interested in sLutiHLica, can ho 
developed into a strong organization to serve the common intcrcsls of 
all profcHsloiud statislicinns in these groups, 



ON THE DESIGN OF A SAMIT.E Foil 
DEAlJilUS' IXVKNTfHtll 


Bnrcnu r*J ih 

WiM.AFiii 

(}ffvcc vj Priu A*imnYi,^fAUm 
1. aTATfiMEsr oif THK mnwLrAi 

i DMlNlBTnA.TiON of llio fifc-rnUonlnK prnjtraTn irruihir-l nirm-nf rni'l 

fcliablo knowlecluti of ihfl nHiiil»Prf« of pswwnKi’r, inifSi, flivi Milir-r 
cWilian-grudc lirca lickl by ilonipra, nufew cliKtrilnilorw, rsrt'i mwinsfs^r- 
turora. To fill this nml, invmloripH of lira tlruIrrH wrrp Jwkm onrh 
quarter, whicli together with monthly reiwl* fnmi lire lOfaiiufrwUirrrH 
and mass distribulona gave fairly com]ilelt* infommiion rcnproiirtg 
stooka of lirca available for civilian ccin>«umi<ti«'n. In the intUTcai <if 
apeed, accuracy, gnararjteed rcliabilily, kikI economy, the qiiartpH.v 
inventories were eventually taken liy samplinji!,. Tliof’c B»!vnniaK<'S of 
sampling have given rise to incrcnaerl luntgc and lr> lha tie^i’r'lojmuiit 
of new theory,'l)iit it should hoslntt'd that (heaAnijding }il»n fWeriIrd 
hero depends only on compnrulively aimida Ihwiry. 

Purpose of Uiia paper. The immfMlinlc! aim of thifli paper M In d<':’>eriha 
tho sample of dealers usetl in cMiimoling the March IfMO tire-inw rilury) 
more specifically, 

i. To state tho roUftbility dcM»irod; 

ii. To describe bow this reliability won achicvcKl Ihmii^h (he nppli' 
cation of basic principlt^ and Rirnide procwlurea; 

iii. To describe how available knowlwigc concesrning dpalpfift' JticH’i,!* 
was used to minimize tho niiinhcr of tlenlcrs in ibe inninplct and 
tho work-load of weighting Die rcsiilta; 

iv. To describe tho estimation of the preciaion ncUinlly ntlnincd, and 
to compare the cBiimale of tho actual prerwion wijh the ainu^*!- 
at precision. This was done by examining a 6uUain]de of tho 
returns; 

V, To estimate the gains in efficiency necornidifllictl l»y slralirirnlion. 
Tho methods herein described may be profitably imed in nilminiKtrn- 
tivo problems of business and government relating to invcnttiripH^ 
sales, employjncnt, or traffic, wliercver emidilinivK are tdiiiilnr i.r*., 

* No^ in iho U. B. Oltlieo af EtluoAUan. 

* MoitU it. IfeiMan unt! WilKivfn N, vttiknti * 

/iFomor fl/ rAfl Amoriean SioiiMicni AiwiMivt\s vuU ST, HH3: pii. TWH M *i\n \Wiy ssT 

Ttom flnlla popwlnUona/ AnnoTi a/ AfoTA^maiicdl vdI. ilv, KMd: pp. W 
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where a coini)Icte list of poBsiblo rcHpondents i« available along with 
otlicr information aiich aa size or typo, wJiitrh may serve ns useful cri¬ 
teria for stratificalion.* 

Dcfinilik)n of Die universe. The univoiwo to he covered was by defini¬ 
tion the list of dcaleis on record with thn OI’A. This list contained tlm 
original registrations at the beginning of rationing (October 19*12), jjIub 
denlera authorized subsecpicntly (“new autliarizaliona”), minus delc- 
ti(jna that were made when notice was received that a busincKs waa 
defunct. ChangcH in name and addros.s, ami unreported defunct busi- 
ncs«c,s, created the usual problenm in interpreting nonresponse.*?. 

Evils of nonresponse; advnnUigrs of sanipling, Nonrcsiamscs wtadd bo 
harmlc.s!) if it were certain that a nonresponding dealer is out of businesa 
or hits no tire.s. But unfoilunatcly a nonresponse may mean other Ihingfl 
ns well—moved, change in name, or busino.ss as u.sual at the same nd- 
drc.s.s, coupled with inatlvcrinnoe or inability to fill 'out the quc.alion- 
nairo. Tilvcry ciTort should therefore bo miule to kc(5p the. list trimmed 
of dead wood and to evaluate nonresponses by pemonal culls on asub- 
eample.’ 

The minimum in nonreapoasca can bo reached mucli cosier with a 
aample than with a complete coverage because there arc fewer of them, 
and tlie dislriot ofTieif.s arc not bogged down with more cults on dcalcif? 
than is humanly imssihle to make; and moreover, the sample almost 
always, by the principle of optimum allocution (vide infrn), contains a 
])r(!])oiulcrnnce of liig dealers employing hookkeeiier.H able to supi>ly 
the figiiroH and even taking pride in doing so. In Illustration, the "com¬ 
plete count” of iSejiteuibcr 10*1*1 resulted in 2*1,015 uoure.spiinscs or 17 
per cent of tho 140,089 rpiastioiinuircs mailed out, whereon in the 
Dceomber 1044 and !Muich 1916 samples the nomeaiKiiiHcs wore only 
1.2 jicr cent and 3.0 per cent raspcctivcly of the 10,000 fiue.s(i?>nnnirea 
mailed out, and be it noted that I)olh tho.se samples included a samplo 

^ Infurmnllon on nlt« nnti typo ia nol for nampliiii;, hut nrtlinnriiy nueb informAllDn will 

mokn po^Aiblo n comtideinbla rMluclIon in Ibo aIao of itnmplo rrquIrcHl lo nttnin tba iell(il>ility d(»«ire<l. 
GlralincAlIun by urcn nloiio caii bo eipoRtiid lo nliow noino eniMI gninii in ARmpling efndeney. ffepnration 
ol di’A\r‘n! into groups vritldy dliferonl in typo nnd nlftOM o( Ibo livil inventory wiil bring furlber golem, 
provided llie invinitorictA of dcAlejA on Iho dnto of Uiq oamplo ntill difTcr widely In lypo and elio, In 
wliicb cniio ilio nddiUimal cnicioncy gniiicd by Applying llio priiiclplo of opllmuni AllocAllun (vldo 
lofru) of ilio Biiinplo lu tbo vaHoua rItaIa In often ulrikiiiE, I'ottunnlcly, ntiy Inrgo lUt inuBt bo armnged 
111 Miruo BynlrtiiAllo fnsliloiii auob M by city, lypOi. oIko, mid order of rcvclpt* wlinlover U 1 b lo bo uae<1 fur: 
And liUlo or rto nddlllonid InlKir nirty bo riraulrcd tti eronp tho dcnloio idcidly for BATiipling. 

> A »ynlcn\rtt1o proretluiu ftir dinrovrriiiK tbo aIio of Aubmiinpte of iioiireftiHinArs lo ho followed up 
by A field Jiilrrvicw bim boon worked out by Williiun N. Ilurwltx of tho CloiinuA. 'I bin prortHbiro vlirilA 
thfl grentoAl |iori??ibh* miiriuni of InforruAllon for a kIvoii nllotlt?!! coat (inniled tiuritlonnnlrn pbiB bold 
foltoWMip], It In bdiiff bitroduoofl hilo Kovernment nurvoyn nl coiiAlilerAblo AAving nnd (cidii In roll Ability. 
It WA 4 firm flkiKKihdeil by Mr. HutwIIa aI ono of Uio Heminurn In HtAllNlkAf Inforancs At ibo CirndiiAto 
Hrbool In WAAblnElon In 104(1. nnd lAfor pnbllRbcd ab Apiimilix C in ibo * Working plnn for tho nnniiAl 
conana of bimbor producotl In 1043,* whloli lo oblninnblo fruin ollbor tho Conaun or Ibo ForcAt Borvleo. 
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of the noiircaiionHeii of Scplrnilwr. IncKJrnHallv. !l.r- J»v<<ra524« nomUr rrf 
tU'ca per dealer woh 50 per rent liinlier in Iwllt nn<! March 

for this group timn <hti averttge invt'nw.ry of oil o^flior drnl. if*, f,lius 
pretiy well dcflnling (ho i)ri>aaihlo inierpr^’inlinii in ?i3sk1si r^lnRo i*ii «:< 
oftcutaken, that cionnsponKeK can l*c igntirr-^l i<ii iho j.jit'iK x'. ihn? llir-y 
are avernge, or arc cotniMwed iiiwily of f-nifill ik.-Hli rt*. t>r i^'pTufl.r ni! no 
stock at all. Tlicso rcsnltH hoar mil an iiiUn-sktini; oliN-rvifs’Kin nhns had 
been made in lalnilaliiig the n-turrns fmin (hr- A’ 3 >!«onl<rj nompli-te 
count, vir,., Ibal llie lout 3000 ili'nli-n* that ful-xrtpjrMS ihe 

second follow-tij) Inller eenl lir flelin»|iiehlf«. arrnjilly h.vl f<n han-l an 
average of over 10 tires per ilenk-r aKaiiinl. nii ovf r-nll average r»f 0 
tires per dealer for the 113,(KKl ilcalern llml htwl idrcady rif.'-pi.ri<!iT>l. 

(Sonic history of Oic quarterly Tim fiiX inventwy nf Jims 

was accomplislicd simnllnncously with regisfrati'*!!. ffilhiivinj{ uliirh 
quarterly inventories wore taken, at first liy Ihe “tuirtfT"' mr-l)ic«l hy 
which small clealers were not luikml to rc«<|Kinrl. Ih-emme llie U-i i-f di al¬ 
ers showed not only nainea and nddrewi.*, hut the numlxT nf lires by 
size and typo on hand and consigneil os of llm lates'l r-iiroidH-r iu^mlnry, 
it waa passible to cut cifT any I’loaH of dealer, or to elicufify lh>‘ dr*fi!«Tfii 
for efficient sample design. In Juno 1943 a roinidHr* I'ouiil ni* 
templed, following two inventorica l»y riitfifT that liad inkm in 
December 1042 and Mnrcli 19-13, miliaeqiufUl to the fiivt i* RiMtrn<ii*n 
(October 1042). The quarterly cutoff was rejtentwl in H.r j.ti rubi r and 
December of 1943, but snmiilm were taken In March and Juiu- 1941, 
followed by the attomplcd complete count of 8».»pteinlmr Hill At thin 
time, Uvo number of nonrcaponHcs was huge (24,015). and jT-jH-r (mI- 
low-up WHS impOBsiblo becaURt-. of the elir-er rnuriuily ui >he i.-th.k. 
Worrisome tliscrciraneica njipeariHl Imlween the roinplek- tniunt of .S-p- 
tember 1044. and the earlier samiilc-M taken in March njid Juiu*, ilu* 
explanation of which turned out to hi- the more ciu-rgclic and miitcrs- 
ful follow-up of iJtc nonrcaponKCH in (licH«m|d(‘K. Tlim cxplnna'ii'ti was 
not at fiml accepted, and indeed was not dt-monMlratfsl iinilit (lie Mimph- 
of December 1914 wo-slnkerr. hleanwliile, n htudy of thu-eiliv' n-j-nneir-s 
had led to a rc-examinalion of the entire rcporlinK rvrImu. hs n n-cult 
of which sampling wna reeonimended agiiiti for the Hm-mlter 1911 ami 
March 1045 inventories. 

II. I'lmr.lMIN'AMY rONHIDBlIATIOKH AM) TUB 
STIlATIKKrATlON OP DKAW51i« 

(Scope <?/ dtifl description. Tliiis arliele. will Vm Umiltsl to a vh-.ttfriptiiin 
of tho sampling jdan an revised for March 10-16. Tim Hiiiuple fur llm 
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previous quarter (December 1044) was planned along the sainc lines 
and will therefore bo mentioned only an its results were used in the 
plans for March. 

It is important to bear in mind that data were needed concerning 
several types and sizes of tires (of which theie are new piusKcnger tires, 
now truck and bus tires, motorcycle tires, used prussenger tires and 
tractor-implement tiros). Now' a dealer in tire sainplo was cximcted to 
report his stock of all types of tires, Imt owing to the didering disper¬ 
sions of the various tyjjcs of tires amongst dealers, some handling (e.g.) 
moloreyclo tires, artd some not, some hnirrlling truck and Inis tires and 
some not, atrd some handling all types, a Hnniplc of dealers that will 
provide adequate prcci.ston for ortt! type of lire miglri not do so for 
another. Analysis of tiro disircrsions of tire-stocks dciironstrutod that 
a sairiplc producing adequate re.suUs for new i»assenger tires w'ould 
prolrahly sufllce for other types of tires with a few minor adjustments 
(Part IV). 

Tire ])arlicular kiird of sampling to be dcsci'ibed Irero hos these char¬ 
acteristics ; 

i. Stratified sampling; 

ii. Optimum allocation of sample, to provide the aimed-at preeisiou 
with llio miniinuitt number of quosUoimaircsj 

iii. Simple syKlemalic seleciiorr of dcah^rs within strata; 

rv. A definite preci.sion-rccintrenrenl, con.Hislont with the itscs that 
were to he made of (be data; 

V, A prcdctPiinined procedure for weighting tho rc.sults to get un¬ 
biased estimates; 

vi. A delornrirration of llio preci.sion that was actually atlarniid, 
liascil on a samiilc of tho I'clurns (Part V). 

The slnUificalion. Study of jrast quarterly irrventories revealed two 
main groups of tiro dealers: Group A, containing dealei'S rciiorting 
stocks of now Inrck and Inis tirc.H in Seirleinbor lO-M; and Group B, 
containing dealers reporting no new truck and bus tires but rcporliirg 
stocks of new imssengor tires in September 1044. This division was very 
effective in reducing the variiuieo in the e.slinraled total of new truck 
and bus tire.s. Similarly, it wn.s effoclivo for now paK.senger tiro.s, heeauso 
tire larger dealer's were automatically tlirown into one group (Group 
A). This is so bceiume dealers that handle now truck and Inis tins 
usually aim to keep good sLoi^ks of all types of lire.s; actually, those 
dealers held ulroiit K.*) pi'r cent of tho new piuisenger tires, lus wi«ll as 
practically all of the new truck and Inis tires. On the other hand, lire 
dealers in Croiq) B consi.sted mainly of small stores and service) stations 
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handling rclalivclj' few popular siite piuss^nger Urit’« ufuaily inr-idfniaj 
to tlic main busincBS. 

Beaitlea Groups A and B lliorp «er» fivr* «imv isj vh^.rril«*<l in 

Part IV. Samples were drawn from lluw ftix-rial l.u* tin y wen* 

relatively unimjiortant; Ihc ttiain coiifidnfilif’n «!w A and II, 

which contained practically all of the 
Dealers in eacli of these two groups were r!a».stfw'd n<'r<irdirifi to (hp 
numbers of tires that they hold in R<?jiltnd''rr ItlH in tiUrriJulfs i>f lo 
tirca, i.o., l-Otirca, 1049 tires*, '20 29 tire*, and Orth For Group A 
this olosHifictttion wds hnsml on tuiw Inick and laif* rimd fur (5r<iup 
B, on now passenger tires. 

MeUwd ofexpatmon. From Class i, cortn^ing t-f .V. ih. fdr>r!», uparuple 
of Ji( dealers was selected (cf, Itentark 3). A’l was kiiMwti - w, ih-PT- 

mined from. considurationB of oitlimtint aUwation ap fnrllicr 

on. If S denotes the total numlH-r of (tf.g.) new pfutisriiger tire# nii hand 
in March, then 

8 = Niiii 4- Ntiii 4- Bunilar terma for the other 

through all grou|m (1) 

where m is the average number of new* pnasengcr tin™ held jier dealer 
in Class i, wliich consiata of Nt tlcalors. Tin? aaniple givfxt, not jj,, but 
08 an unbiased ostimalc thereof os is indicatwi in lU i««Tk 1. 'riw 
comparison U disclosed by their dcrinitionii, 

ar = — (®a + ar<i 4- altnilor terms IhroUKh all Ab dcolerfl of C’lnsw i) (2) 
Nt 

St = — (ja + 4- similar terms Ihrough ail the n# sample 

7l{ 

dealers of Class f) (3) 

being the number of now passenger tires held by the jf-t,h dealer in 
the t-th class. Because is an unbitwcil estimate of p, it follows that 

§ = Ni£i + NiSi 4- similar terras for the dcalcre of tlie wimple (-1) 

is an unbiased estimate of S. The mljcciivo “imldowed" signifies llml 
if all poseiblo samples of dealers were drawn by the hwUiimI dn^mb*'*!. 
and if the responses were independent of tlie iiii’IIhhI «*f drawing the 
sample (which is not true in practice, except when eamphw mu* lirawn 
from files of cards nirciwly containing tlie rcaponst's, or in an ideal ex¬ 
periment wherein the responso is a number written on n eldp), thin 
the average value of all the catiraalea so obtainwl would be ideiilienl 
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with the roHultfl of a c()mi)lotc count. A matliomatical dofinilion of Ibifl 
concept in given below. The practical prol)lcm in designing a flamplc ia 
to attain the dcaired band of nampling error for 5 nl the loweat po^^^iblo 
coat to busincBB and government* 

Remark /* An unhinRiid untinintii in one wlioflo "expected” vnlne Ib tlio 
(junntity being oHtiiimtrd. Mullienmltcnllyi nu "expeeled” vahio ih clermed 
the BUin nf Urn produnls nf nil vidncH wliieli could jioK.'^ihly occur in n 
given Btimpling plan iiuilll[ilh*d hy Llicir rt?Bpectivo prohnhillUrH of occur- 
rcnco. ThuH for the eHliJiinto in Kf|. 4, 

rS ^ A'(A^i.fi H' 'h Hjinilnr terma Ihrough all clnenofl) 

=» N\RXi -h iVaA'ij -p ainiilnr leriiiB. (C) 

Now from Ec|. 3 it followa that 


Rxt “ R — (jn -p xii + Biinilnr lormB Ihrougli all 

nnmplc dcnler/i in Class i). (0) 

Tho proluihility of including any parlicular dealer in the paini^e In ru/ATf, 
wherefore Iho mtn of all p(>Hflihlo flamplc valuca of inventoriea muLtiplicd 
by their prohabililUiB of occurrence Ih 

1 / Tif nr similar Icrma tiirougij nil \ 


J_ / m 
n/VNi 


Uf , nr 


N't dcnlern in clans 


Kb nil ^ 


(’^u + Hirnilar Utiuh tlirougb all Ab dealers la CIurh i) 


RubHlIluUon of pr for in l’>|. Ti givcH llq, 1, Tlnm the "cxpectiKr vnlim 
of the CHlinmtn is equal t(^ iS, wldch is the huiu of the ^nvenl(^^U■B of pns- 
Benger nf all dealitra. 


HI. TilH 8AMPbE IN aUOlIl'B A AND B 

The principle of oplimum allocaiiou Tlicro arc two fimdnmentul prin- 
cij)lo8 for guidunce: 

-liL » (8) 

N, k 

Ni — 1 lu 


The Tnht \H tho priuoiplo of optinunn alloralion,^ whicli 8ay8 tliat to oIj- 
tain tlio groatoat onioiom'y in Humpling for (o^g.) pamongor tiros, iho 


I OpUnuiTik nllorAlI'in Kfi.fi M|><iuiiib0 by Nrynmn for filmplo iitrAtiaNl uninDlliiR In litu nrllclo 
tnUllcili 'On llin iko (uipisnlfv of Ibri rc|irfH»uiilrttlvo iiifliioil,' Joiiniiil of Ibn llnyiii HlMlhUcai 

Borinly, viil, xevii. 1^3^; na, afiS fllMj r»P< MO 80 In rnrllrnbir. ArlUhUy. Efi. fl nn Klvcn nixjvn In not 
llrlelly o|Ulmnm ullDrntlon^ (Im fnefor -^1) rlfibl'luiml siOa nn (ilvcii by Noyinmi liM 

l)Q^a omIUod for oaiivonlenc^, 
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proportion {tii/Ni) cif donlfmi to be flniwn in<o Shf- ^'.innitV (tom th« 
i-th clnsa hUouIiI be pr«p«rtinna.l to ih*- ifts-ndard 4<^V!tttbn of ihij 
paascngor lircsi licld b}' llio denlcm of ibis' rlsw* ifTi tior lb"? f>ani* 

pie. The word “elaWH’’ in uwd bore in Jhf Rf ntral It tniKhl mejm 

aaizQ-clopa within a group, or it migM niran a whi.J*' "! hi' M-inbnl 

fc in Eq. 8 ia a fnefor of |)rojH'rtion.tliiy and wsil 3^<' thi^'toimr'l laP-r 
by condiliona fixwl by the juntTifion llml. hi mnsrd jil Ivijn, IS rind 
21 ). 


Rtmnrk 2. flnmi^lliiirfl llir (rttat ^ ^ ^5 9!J’J \^f 

couRulcTftUoni^ «( coftC (awtl sw h^n-t V»3|f stn r'pp.Ti'j. 

fiucli problcjiw It convrnlcrfti t^i knrjw SHwi lllvr V ^ iJvf 


value 


la which ciiflo Efi- 8 glve» 


t. I.-?'* 

'^Wj 

n» 

ni!) 

“n “ 'i: Av;r 


Tkia GC\utiUon fi'iCR tho, eiiitnpW. n< wilhia u dasift in *4 llr<' 

tij BUppased known. In thr nf Ihii^ orh'rh^, ihi" wj i •at.PiM (u'^m 

Lhts olh^r (1ir<‘f!tlon-—IV nr<i^^*Wnn wfifa aiimd pjI, iin4 A 

cordingly (cf. ICcift. 10 ftwd 21 k Th^* i^arnph* wi 

/rojii Etp 22. They of coiim* Kq. Ilj huH n rj<;l 

fu wore coTuputed mid added up. 


In symbols, the slniidard deviation o. in Ivjt*. R nnd 0 i» drftni'il by 
tlio equation 

1 & 


<T.' 


‘jTj- E (-./ 
A, 




:i2j 


Eqs. 8 and 9 arc iiUendwl (o refer to eondilion* rxi^Jing n? ilin ibili' of 
inventory. AcUifllly, c, is known only for sontt* earliertlalo fin ihi’. 
the preceding September and Dmimltfr), ho it in m-rf-Mtiry to approxi¬ 
mate Oi for the date of thcsninple (ef. I4), b^p 0 givt'S tho voriotiio' 
of the mean number of tires per dealer rw wonhl be obtaint'*! in nn idi nl 
experiment in whidi repeated samples of n, denlom .in- ilraw n a! nimlioii 
and without replacement from Die N, dcnlent. Eaeh cIju'-h nf .ii ah-r will 
contribute a term (eco. I5q. 13 oltead). 

liemark s. The «( dcftler* from sny cIsm wen- srh rU'tl ^>viiirO)>nf '*llv |,y 
BtsrliiiB at a rondoin point In the rtnU riit«Tvnl iu p,i* pit* mol i.ato»K dji i-ro* 
card ol a time at a coiisCnnl, Ind'rvnl UirniiRliont ilo- rtb for Pm!, rl.i-*. A 
Bysloinatic Bcloatloii Is nuich nniffirr Lo enrry mil (linn wov ^fUfna n!i<-iii|.l 
at random iinlootion. Moreover, «y*!4-iiMlir irlerUnri in MU. r.f prolo 
loin may Ititroduco hIIbIiI Balm over a miidoinsvU'ePnii, fur Ho. n fiMiii Uml 
systomntlo hcIdoHoii naaiiren nearly prnpnrtiiimale r«|ire*..n(«Uijn of i|.-nt, rs 
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from each city ami Hlnte, hiTcauHo of llio arraii^cmont of the filcH, Tliin may 
liavo been of soinn Importance l)ecmisn llin invoiiLories in one broad locality 
usually differ from Uiose in another both fiiialitalively and (pianliliitively. 

0i\ the otlier band it iniisL oIho be recoKiiized that Hyaleinatio fidecUoii will 
sonietiiuna iiitroduc<‘ loswjs. The llieoretical cnlculatioiiH made by the 
Mndows liavo not [>ecii appih^d to see exactly wbul the Kaina and Iohsch of 
Bystornatic RaniiiliuK iniKlit be in Lliitt type of problenu The efpialiouH for 
raiuloni pamjiUna are iikoJ instead uiuler the nHUUiiiplion lliul they iiifllrnle 
the approximate level of the variimce of thiw doalRn. H shfudd be noted 
that eviiji if the variancf? of the ByHlemiillc deslKn were ns much a« 2ft per 
cent higher Ihim the variai\ce of a random Hiuntde of erpud hi/e, the \iHefiib 
iiOBH of the ijiveulory oldniiied by the inclliodH nf Ibis pitper would hardly 
he alTecled. Tlie aoUiora Iiavi5 had Uiu benerit of guidance from Dr. Madow 
in tlioHo qucHlioiiH, 

All assuviption for arriving at uscahlc vnluas of (r,% Tlio ayinhol S in 
Eq. 4 (Iriiote.s thelc)(al nurnlior of i\n\v |)nfl,sonKor tims ah c.stiiuutccl from 
a Hniuplc. By tlm law of projiagation of varianco.s^ the vavinricc of S 
will bo 


cr,s'^ = iVrerj^^ + + mmilar terms for all ullmr elasHCH 

throUKb nil groups 

jY| — Hi <ri^ — ni <rj* . 

— iVi^ .+ Av ^ .. " + similar tiMins 

A'l 1 »i iVa -- I 112 

.. H- Av(l - y) - 

\ A'l/ Ml \ Ni/ Jij 

-f- Mmilar Icrma. 


(13) 


The scfouil lin« ft)lh>\VM from Uio drat by (lie inlroilucUon of J'ki. 9, 
iinil Hid (liinl lino iw nimply tvcloso appruximalion oliliiiiiuil by (IroppinK 
Hio “1 in Kftrli denominator. T.iiler on, lOtp 13 will bo. nfiotl n.H it HliindH 
for llic evidiialiou of (lie preeiHion arluallj' nllidnod; ilii.H will lie done 
by cvidualinm each cri from aHubKnmple of llic rdturna (Part V). Mean- 
while, llionj'li, in the ])lannini; of the Hiimplo, Kuitalilo. vuIuc.h of ir,-, at, 
cle. must l)f! Kollled upon from eonfiidorntions of po.-^Hible trond.H and 
(liNiJerHion.*! of lire iiivenlorie.'i. For tJic Alareh .samplo tliei’c w.’w (ho 
exporienro of tlio December Hiunple. to fall back on, which lielped cun- 
Biderably. 

It HcoiiiH reasonable to suppose dial, (ho ehan^eH in dispeision takini' 
place in die invi'iiinric'.s of a kiou]) of deidiTH over a 3 or 0 inmidus' 
period will he roughly iwopordoniil to (heir avisage inventory of the 

* Vr>i|iAHtUiim id vnrihrii'i' H iirnfidl in innny nri niid cdrvo rktliiiif; (or fxiviniiVi 

Chi III ill llMiddH’ll Nfiihsfi'fiil ,'td/ (Wlli?y, 11)1?)). 



24 


AMHHU-A!* OTAnrnrAJ, A-WOt'UTIOJt 

bMo date (Scpl. *44). Tl)i« i« «nl.v»aj-iBg fhal ^ a Ifirsx’ tlealm. 

will usually olianRc more in rilhw Jl’rtn Jh„ 

dealer and abo.il in pn.porli.m 1nsi,rr;.. hy i,„iija3 inv.-n«or 

Indeed, lIcR^rs. Hntim'ii and Hiirniis. in rnsjdrkal «,»«•.=>, jn manv lilli 

of work, have found t\m In h, a vrry I ’ f . 

breaka do'vnin tlie amall aiEo^-lasM-.^ {, f, thr, 

flubcl^ m rnbic IV; and llie (reainiriH .,f jj*., 1 >„„ yf} 

Wilh tins in mintl, it wna iK'rreivrd »I,nr jn jh., Hw \ w.'‘ 

tor flaniplc, cr^ wrw roiiRhly r.-iiManl in Iba dif^ rrii* J 

m Qroiip B. To allow for Ktill flirt her dbi^-m.^r, dormjt'jli,* oddrtioiuj 
3 monllis between D«<.en,l«.r and Afarrh it a,^»,n^3 'h J 


2 in (irmip A 


« 1 in rjrruip hJ 

Tlicsso approxinmlioiM luti ailniittridly r»iiiih •» ,,e. 3 . , , < 

from Tnbica I and 11. ^ ^ •d.v'o.us 

TAiii.i: j 

fewer than Vi I mi t1lW-K ami M « 

u, .. .. ‘'****‘* FAA«fca‘cipt,n tin,:;,, 


.. AMI lo « liKMia, 


_T ' ''"-vnw;., 

'XT f 7 I 

' ■ .I ^ ^ l'l« ^ fl » 

10-10 13,J g'* * 0 «-» B.a I fH j JI |i^ -J I -,., 

20-00 21.1 2.S 12 M l? iJ J ' '*'« M 31 0 1^3 'J 

Tifr^^oSSzr,^ 

tionnnirca only rcqiiiri<« Umt the mr '' 'ttimhi r of qut->'. 

«i8..cd to oZo, ioZ CoTi' r T" ... 

«« nign or too low. Of pounw,, ,f r-,„M*iHi,-nr|y 
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osaigna too higli a value to every o-j, and coinpiitca tlio size of sample 
required to give the precision aimed at, the precision actually attained 
will be ncoclloaaly high, which in not desirable na it cntaiLs a heavier 
burden of rca]ioii 80 and heavier cost than wna arlually necessary. On 
Ihc other hand, if one consisloivlly nsHignn too low a value to each at, 
the preeisioa actually attained will not be os good na the precision 
aimed at, though it may msvorlhcleaa bo good on(mgh. In the second 
place, it is a fact lluit the eniciency of the sample (na meoaured by tlio 
inverse of o-fl’) is only feebly aUercd by moderato dc))mturcs from the 
optimum ratio.s betw(>('n nj, ni, oto., iw given by ICq. 8, whorofore n 
sampling plan may still be very efficient oven If Home of the nasumpliona 
and appro.simiitions are crude. 

In tlio third phuro, regardless of what nssumpliona and approximon 
tions wore mnd((, or wliy, lliero need ho no guess-work in the final 
results, because an aiialy.si.H of (he returns willahow what precision was 
actually attaincsl (ef. Part Y). 


TABLK II 

Cf)l:l Klt,'IEUTH OF VAUIATION KOU BEt*rEMnER AND DECEMHEa FOB onoUP B 

OKOUl’ D: I)EAJ,Ena WITHOUT NEW TRUCK AND HUB TIUES 
iN BEPTKMBKR BUT WITH 

IT WFR THAN Tmi-JI 

ii.nhll IIIA.-M jiug TIREJJ 

xr And 9i nrid floin n <4 ftlHtui 100 rolurtu Ukon Byatomnllciilly 

from chcU 


NVh (jf nflvr 
pfWhffcr 
lUMi In 


NKW THIJCK AND l^UH 


Ni:w rAHHDNClKR 


Htpitmhfr 

Dtrmhnr 
ti ff 

SniHfmUr 

|4 & 0 /t 4 

DtccmbfT 

n 



■PI 


IQ 

_ 


1.0 

3.0 

a .00 

I- 0 

— 

— 

mjm 



4.0 

2.4 .00 

fl .7 

8 .S 

1,22 

lO-lO 

— 

^ — 

■nl 


EKI 

id.i 

3.1 .24 

la.Q 

0.0 

.70 


— 

- - 

■Q 



24.0 

2.7 .11 

24.7 

11.4 

*40 

DO :io 


— — 

.8 


Q| 

30.0 

2,0 .00 

32.0 

12.4 

.30 


Evaluation of k. To fiml k we note that Eq. 8 gives 

(Ti® koi 
Hi Ni 


(15) 


which when \i.sc(l in Etp l.'l showa that 

ASpi •'Crms I (10) 














20 ^MI^ntrAN RTArtfmr-Ai. 

Now BUpposc lliftl wn rcwirirl r<ia*i*lrr}ali(.in **« A B,nrl n 

fixing the ainiwl-al prcritfiim w) lha» il Ijt' aiSjiintvj frr.nii 

two groups ttlonc. The rdativriy fmall rnti'!ri}*iili«rs> j r tiro? 

froni ollior groiijM of tlrnlfn! rPart. IV) wiJI only «3iRht).v iurfi ri.*.^* iho 
precision. This i»rrK«l»re h not alriMly optimssm allM-mjon over all 
Btratft, hut is not fur fttiin it. Om- funhrT sifnphJiraiHrti sii!l |,<. lufulc.* 
the finite nnillijjlier l-n,/A\ in Imii of ir, Mtll .3rMp|d.^| 
(i.e., nsauinotll«)li(!rii'anniily. n«il wonKI 

were small). Actually, llir>ealnilniii(n'»f<*r Jt/vi.io iofrsj f i« ih„'jw 
have been rejicnttMl lo gel n M'riiti<I |»v n s.-iininR (}|(» 

finite raultii)licr« in Iy|. 1(1 w ith rouRh vdnw ..f o./.V,. 1 he r.,..fni i, nj« 
of Sa and Sg in Ii»q. 17 would (lirrdty )inv«» l»<'<-n df'rri'-.v*fi<l, liu* ii wok 
supposed tluit the effect wo/i slighi and no! worth llse r-fT*"!!. 'Mio n^xl 
step, therefore, was Lo ignore ihf* finiM* niiilliplji n« and fa^ (or *nil fli/ji, 
for Groups A and B separately in ]y|. 10 tn liiKl tijnt 

ITS* “ **“ aiinllar ternifsi in fJronp A) 

+ 'I' similar l<*rin« in (ir-'^up ll|| 

= i{2fi'A+Na| 

bccniiso yp,-.(o-/p)^o.2 for Clronp A nnd 1 h.r tinuip 

B according to a previmia dccMon (1->|, M). U folUnv*. (),«( i|,m 

2,S4 4- ,'{|u 


(C.V, N)* «! -■ ' • 
.S* 


k 


s* 


HR) 


whore C.V, donoies the rm-ffieient of v,trial ion of ..r il,. durulanl 
error exprcaecd in units of N itwdf. Solviil for it lUis .-(pmli..,, Riv.-^ 

, .S'»(n.v. .S')* 

^ tea -- , 

2‘S'a + fig 


( 10 ) 


.. 

I, M f “"J >■ l'-nrKi,.i|,lKily i, ... 

division 111 Mnrcli would he whnl it wrw in Dwniher, vis:,. 


•^A-fig 8:1. 


( 20 ) 


Ma eh 46, find after Hoincdolihernlioii itwns drridMl ilrd i s i.iillioti 
could net bo far .vrou*. Tl.i. muobor /i,„l 11, a „,:s, „ll t » 
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1.5 niKl .2 ijlillion rr•«pr^f'tiv*Jy. vtlimupoii k coiikl be obtflinetl /iwn 
1->|, 15 anHocm UK llip. aUnnl-al prerls-ion C.V. 6' waH decided upon (next 
HCPlion). 

TAlir.E 111 

SUE DP FOR onoor A 

A lu in Tiilff /} 



TAnl/R IV 

BlXf; DF 8AMPJJ5 FOU OUOUr B 
idtffup n i» in Tcldi II) 



Toul 40,148 2,030 


• The ftftmpifl tUrlrletl upon wwi UrK^r ijidu co^n| 1 Ul^<l (nr Ihln slio^cIniiB noL only bccniiAO lUi 
d(Af>er«(on tvim rnorh hiRlier ihttn tbe dilicr Aiie-ci-nA^ci (nro Tnlilo 11) bul bcouUAo UiIa cIam of Ocukr 
la eubicct Ui moie liujmnnnl relniivo ftliifla over lihie. 

The (limcd-at ptccision. It was decided liint n cocrFieient of \'fti-i)ition 
of 1,0 per cent woiil<l be deKiml)le. Tlii-s cc)rieHi)Oi\d8 to n S'fiigmn (inoi- 
batid of <1 or 44 per cent o\itHido of whicli errora of HampHiiR pvaoticnlly 
never full. Tliia l>iind of error Bnoinn to bo Hinall ciiourIi in view of llio 
UHo« to bo inad<i of the dntu, and in view of other errora and liifusoH llml 
ariw from difIieulli<'.H in eoiinlitiR lii'e.s on iiund and oonHiRnoil." AlHtJ 

' An nltcrmiit at clnwlfyiiiK n anitibfsr of fln<l iiiia jtiiblJ*ibfvl by ICdiiordA Dpininj; 
in a paper erUllliHl "On errora In aiirveya/ American ^i>cio/(?tfi‘c^l WoticiPi vob \t, ID Ms pp. 861)^00, 
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there waa iKc slock of unknown waKni'-n’i*" h.v sii7'i?nnj?hHrxirjj:<^| 
era, Allogclher, furlhcr rf-Bucnicnt of iBajTir»li«K err-n M-^rri.r/ll „s,| 
place, becnuRC it would entail addiliiUfM I'UkScts tti ir(iY->j{<*ni*c’ on the 
part of dealers, and inenetwed t^» the Ro^^insvirsa*'. and wouUl 
moreover enkanre linliilily t o errors furisinK from jmd ri!|jr>r 

sources, most of which, jif, Him-ms utc jrt'jally <ai7kd »-!3t. l/rfomc 
more iroulileaome «« Ike samide ir^r r<>a.w^''. mvl i*-.vh w;isimuTO 
iu altcmpla at cumplele rounM. 

With the aitned-at ciK'llir-ieiil of varisiti^o* rd ,s‘ p-rt «!! I ^ jf-rr rent, 
Eq. 19 gave 

1.8* X 10” X I..V X in' 

fc K, ---- . . 20} t2l) 

2 X 1.0 X in* + .2 X K<* 

If the finite multiidlers in t^i. IS had not l*w>n nr#3.lf^t<M8, i w/niM have 
turned out to bo n Utile greater than 2H. NVvt rthcW.^, f»>r in 
computuliun h was RxctI at 200, whercupsui from Ivj^ A .m^h 11 

“ ^I^ tlircrlJy in iwr rciil for Gjoup A | 

Aff ^221 

. f 

“ Ifti diiwlly in per cent (!Tif*>5p It" 

And thus Iho snmplc wan allocal«d in rironj* A and It. wha h nrrmmt 
for most of llio new pnaaenger tinst (inick nnd turn wl«<(S 'rnldw IH 
and IV show Iho calcuktions nnd rc'CoitiniendCTl ftamphng rnii«»Ni. 


IV. sreciAii 0B0t»r« or »Biti.KMa 

The nonresporwM 0/ ^cpknihfr. In fhqtic-mlHrr Ihit'iT' wrrt* 2 J.OId i|UC;v 
tionnaires not returned, even nfler two “foll»iw-iijr n'tliv<-33, In J 
bor a 4 por cent sample of these nuiitcj; waa drawn: in nuiiila:r thh 
Bftmplo was D97. Hero is whnlhnpiKiiiod. 


Number of qncaUonnivlroa mailed out as a •} ^ aamide of ilic 8 r|it*-(j)l>nr 
NonroaponsDa.. (j^97 


Failed to return by nmll end liereonni v^il, or e<»ijld out 

__ _ ___■ o II . • 


or no poraonal fpllow'Up majd^t,. .. ;iin 

Roturnocl.... ,. 

Mtttkftd out o( .. *1^ 


Mnrkod 0 p^wiiRctr lira, or rjorni^ldrly \Amk UrA^r- 
proUsd as httvinjft no Ktqck).. , 

HoporUi flbowing 1 or rttoro novf pRm!ORi*r Urtrn, -., . , 
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For March, a 5 per cent sample of the Septcmljcr uonresponseu was 
rccomincnded, Tlic cocincicnt of variation (37.9/11.9 or nearly 3) of 
thia group perhaps called for a slightly larger Haini)lc but it was deemed 
better not to risk ovcrlotuling the district offices with this grt>up (which 
was obviously inclined not to respond) and to accept a little larger 
sampling error at the gain of decreased bins of nonresponse. 

For the 470 dealers I'etnrning blanks or 0 or 1 or more tire.s, the moan 
number of new ]»u<.senger tires per denier was 11.0, with n stnndurd 
deviation of 37.0. When expanded by 25 this group gave 

11.0 X 470 X 25 — MOjOflO new pasaenger tiros. 

Thia figure is to be interpreted os n minimum in the number of pas¬ 
senger tires lield by the nonresponses of September because the 310 
that failed to return likely also hold tires. Anyhow, Lbis minimum of 
140,000 was n twelfth of nil the now ])ns.Hcngcr tiras in the Jmnds of 
dealers in December and if these dealers licit! anything like the same 
slocks in September it is enay to see why there should have been dia- 
creiianeics between the >Scptcmber complete count and the two quar¬ 
terly eamplcs in the preceding Marcli and June (os was mentioned 
earlier). The ability of the elaff of the district offices to cull on the 
smaller number of delinquent dcalcin in a sample is rcsjKmaiblc for the 
better rosponao in Dcccmlior and March. 

lilankn. In September, 29,133 dealers returned their questionnaires 
blank. A aampio of 3 per cent of tlicso was used in December, which 
wlicn expanded on the basis of the returns accounted for 71,000 new 
posaengor tiros. One might conjecture that thia group of dealers held 
cnougli tires in Soplcmber to aggravate the trouble of balancing the 
books. A 3 per cent aampio was recommended again for March. 

New milhorizationa. There were 1,000 new authorizations between 
September ond December and another 1,000 were allowed for over the 
interval between December and March. A sample of 200 was recom¬ 
mended ns being adequate and easy to draw, being 10 per cent. 

Mnnvfaclurera' otillcta. There are about 2,000 mniuifacturora’ outlets, 
averaging for September about 76 new passenger liras per dealer. A 
100 per cent sample was rccomincnded but a 1 in 2 or 1 in 4 sample 
might have been good enough bcenusc they were afterward ob.servod 
to have fairly uniform stocks. No calculation of their coofllciimt of vari- 
utioii (cf/fi) was miulo. 

Dealers holding in Seplemhcr Jfi or tnorc used Urea oj any kind but 
/ewer lhan /fO ncio passenger or new Ir uck or bus lires. A 25 per cont samjilo 
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A&ir.ru"ns A 5 . AW«-|AT 10 » 

wM roconimcnilwl: i!vcry 4 Jh mKl plartiMft »ill 4 n»« M, fjr'-H rSf^ifying 

Uie (Icalcw in inlcrvnl>« of Ul lirrsCifl JiO .V3, r?'" ). 

Afotorcyclc lirm. Uf tlu‘ «Ji alf'rw rrjwtrtirm n<* (ins? at4 

no now Irufk ninl bint lim* in JJ^-jtir-nibr'r, mivJ v.cr -iji'i).! 'JO nml pa*. 
Bctigor or Uunk nml Imn lirr,).-. 290 n lu w >. V aed 

91 reporlcd usrd niftltiroyrli* lir«^. Af!rr #?*< yx ^nrlA *.»f ikicsste 

387 lioalcrK Iho Kniiiplinn; itl.m pjiown >»< Kdw »ii» j, Ird; 

1 ^ 0 . of mffhrajrk /iVm in 
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i' ■ 


tf a 


■k j* 
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2',’": 

tf ^ 

2^) »itd rjvrr 
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Of course Ihore were moloiryrii* liif-A Itfkl J»y roJu r I*ii5 rlocks 

of molorcyclc lirtrs wenj uoll rliH|w'r>i'‘<l nnd Ibt* jtTr'ri!tv»n in On« calc- 
gory eliQiild Ijo gcjcal cnougli. 

T)ie conlrilmtioiiH to Hit* varionre* from ihrst- #|:f < jaJ grf«i|wi was 
snmll IjccnuHC they weremnijiUtl «<iw|imioJy ifMjtitrxtiiimaif ly nmmliDg 
to opliimim albcatiou) anti nUn Ifornupc A 11 ronltiincd 

nine-tenths of Ilio new piwongcr linw (nml even nant'" ef thf rn w iniek 
nnd buBtiros). In iiartienlar, llip mnniifaHiirrr'i*' •.nib t'!, ilie di-alere 
wilJi heavy sloeltH in Clraups A and IJ, cixuiriloiUrd ii«< a anam e, bein^ 
samiilcd 100 i»er cent. 

iSiie of iampk—all groupn. The nver-nll froKu fill Rroniw, m 

calculatedj turned out to be H,7fi{) dnnlrrtf, whii lt vmiil-l bnvc bra n 
about 1 dealer in 10. However, partly by imptnlii'H rnrry*«ivr r of in- 
Btnictionn from previous anm|ilttit, witl portly to gain elntjdii iiy in 
operation, bigger stunplea than Hperifir-d w^rr- Uikr ii ••ut. of pono* of thr- 
npecinl cInsseFi and the neliiul ntiriibrr of r|uc:Klioiiti.'«jr)-"i iordli><( out 
ivofl close to 10,000. As nientionerl rnrlur, tlie riwjMiiw' from ilu> March 
earaple (with two follow-up Icllerw) woe 90,1 jn-r c»ni. i«n>l (biHsimiplc 
included o 6 per cent (tarnplc of the dealera that did not rcsjouiil in 
September. 

V. llBaULTfl. COMeAlUBON OF Til R niRciaiON ATr.Al’iRr) 

WITH TUB PlIRCISION AIMRllI AT 

TAc prea'sion aUahml. The rffixt of elnidficiHum. Afti-r lie- i<-liiriia 
were in, a Hiibfiainple of about UK) (‘naea wrie ilrnwii «yjii( nml irnlly from 
every group for tlie jmrprmo of eHliiiiiUiiig a, niiil n, for uno in iv|. 13 
whonco the preemion of the. reHiills wtw oblniiinl. Kor rumparii lOi, llm 
coofflcicnls of variation wore also coinputcd for the pria-ii-ion iw ii wmiM 
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havQ been if no stratification hntl been introduced. In both investiga¬ 
tions the assumption 'was modo that tlio equations of random sampling 
can be applied to estimate the precisions of our systematic samples, os 
in Remark 3, The apparent coincidence between the precision aimed 
at for the new passenger tires (l.B per cent) and the precision actually 
attained (again 1.6 per cent), is partly an illusion, because the precision 
aimed at applies strictly only to Groups A and B, whereas the precision 
actually attained and shown in the table was computed for all groups 
combined. Ilowcvor, ns was explained earlier, it was known that tlio 
contributions from the other groups could not have mucli clTcot on the 
over-all precision, so it can bo concluded from the table that tlio agree¬ 
ment was excellent—unfortunately too good for illustrative purposes. 
The outcome docs nevertheless show qualitatively the kind of results 
that will bo obtained from plans that arc drawn up with reasonable 
care, even though some of the assumptions and simplifications that 
one is forced to make often appear crude at the lime. In this connec¬ 
tion it should bo borne in mind, too, that in practice it is never impor¬ 
tant to hit the aimed-at precision very clo.scly, hut it is important to 
learn from the returns what the precision actually was. This can usu¬ 
ally bo done at a small investment, and should never bo omitted. A 
further advantage of studying llio returns is increased knowledge and 
experience to be applied in future samples. 

The iirccisioii for the new truck and Ims lives (1.4 per cent; see Table 
V) turned out to bo entirely satisfactory, ns was expected, oven though 
the criterion for fixing k and henco for fixing the size of the sample was 
based on new pfissongcr tires. The reason is that the truck and bus tires 
wore heavily concentrated in Group A. 

TABI.E V 


AOTUAI, coefficients OF VARIATION ATTAINEO OVER ALT, DEALEUS 


Plan 

New iru:k and tires 

New pniicnaer tires 

Blratldcil with opUmum filbcntion 

l.H per coni 

1,& per coni 

UnelrntiricHl (for compurlflon) 


2.fi 


hitcrprelalum of sampling error. The observed ('.oofTicient of variation, 
measured after the returiis are in, tells us tlinl the iiuiiihor of new pas¬ 
senger tires held by dealers on Miireli Slst, ns determined by the siiiiiple, 
can hardly differ from the rcHults of a “eoinpletc count'' by iiioro than 
per cent (three coefTicients of variation), 1'ho error liniid for truek 
and bus tires happcn.H to be about the same width or smallor. But to 
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interpret tliwc error bwiflft it mu»-« l.*<! *lia! th*- ibron^tical 

comploU! count with wliich the Fiunplc i« Itf Utifn wUJi 

the same llioroiiglmrsi* ns the «aniplo. inciijrJindi j«Twi5fr ihe non. 
rc8j)ons(?8. Moreover, the eomplelr roim» lourt rovea (hr* s-nunf iinivenj* 
of deniera, and not inrhide (e.g.^ n«a«Miori»wl v.hilo lh« 

sample contftiiw nampling errots. and is !!(errf«i»; ihiui a 

complolo count, it ia untlmiMwIly more Brnirnlr !hw n iro}«3jdr.!,<* cminl 
would have been in prwlicc. 

\l, NOrB JN nEOAIID TO RTIlATH'irATlOK AKW rOKWKnt'ATION 
OF INFOMUATION FHOM FOMJT.Bn? r«l:Sr» 

It Ib obvioua from Tubln Y Ihnl llif plraiifiraJbun nn the fnrn- 
plote count of Eksplemlw Increoml the rlTirirtir.v of i^nnKjdinR mor- 
mously, even though considerable diapers'ion of inven!ti(rii’i» Itwiik place 
between September and December, and atill moriR WliRrcJi iWcnilwr 
ond March, Unstratifiwl, the rwiuirtd »ajnip!e ff»r new nj’t-r tires 
would have l)ccn 2J lirncw iw targe; and fnr Uie n"«- inn h m»d bui« lirea 
it would have been 5 Umwi »« large. U should !»<» rxjdsiim'd tbnl Vlw 
gains in ofllciency atlribultsi here to stralificnthm wrOf' a«iimlly the 
gains of alralificalion with optinnim slIcccHtinn. 'rite gainn that siinihl 
havo been mode by slrnliliealion with pr«]H)r(ionaie smt^pling would 
not havo been an great—pcrhtt|wi two-lhinbi »a great in lbr« survey. 

This oxporience ftcema lo l>c lypimi in many f>.Bn»}d»- purvcYa and 
teaches an important losscim in rcgattl lo rctmwKrving wlmlc vrr infurmn- 
tlon is available concerning tlto univerwu. Thu», the liWl (VnsuK of 
Population providing slatiatica by biweka, traci«, mid riny sjw grttiij^, 
oven though now out of dale in many lH cnu*»* of hf av y piunda- 
tion elufta is ucvcrthclcas wlill cffeclive for pnrjHwcji of ».liftlifi<-athin, 
oven for aaraplijig blocks within ciliea, as e.s|M>iienr’o and ibr-ury ib num- 
Btrato. jjimilar remarkfl hold for the 1930 CimKua uf lbit.irt«‘iw. Hnim* of 
the roQsonfl are found in the aectiem entitled “ItoniurkM rt-garding a«- 
sumptions." For example, optimum allocation w ill imimi iTMililiiiuHl 
even though the census or laleat available complete romit I'ldy iioU- 
entea relativo sizes (of firma, blocks, fanna, etc.) and is cniiridy wmng 
on absolute values. But this is not all; n coinplctc mint, allbitugh *>iii 
of date, will often go ft long way towaixl scgrcgaling wn'O* tli?il may 
havofluffored important ehangtw, and which Ity th« principh' i.f *<p(i- 
mum allocation should bo anm|)lctl in higher prfifwrliuu. M'Iuih, in ilm 
footnote to Tahio IV it ia cxphiincrl llial the (l><lawi wiw pniuidi*'! 
heavier thoii was indicated by the nil« that waa uml for the nlln-r 
clasacB. Similarly, in the aamplo censuaea of certain congfinltMl ritii-a 
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taken in the spring of 1044, the blocks were stratihed into dosses ac¬ 
cording to the mimbor of dwelling units in 1040, and every n-th block 
taken out for the sample, But the "0-blocks" (those that had no dwell¬ 
ing units in 1040) were thrown into a scimratc doss for special investi¬ 
gation as a safeguard against the enoi'inous change that can take place 
when a large housing development goes up on land not previously 
occupied. Another illiisti'ation of the conservation of nvnilahlo infor¬ 
mation is found in tho best practice in sampling in industry, wherein 
the lot, Bhipmeut, shift, or even order of rccei|)t, are usually ciTcclivo 
for subgrouping even though it may appear that llic [)rodiict must 
have become thoroughly mixed following production. It never is thor¬ 
oughly mixed unless there has been a deliberate and skillful attempt to 
mix it. 

It is not to be inferred that promiscuous stratification will get rcsultB, 
After the main assignable causes of variability have been removed 
through stratification, further stratification may avail too little to 
repay tho cost. 

It i.s a pleasure for the authors to record tlieir indebtednesa to Messra, 
Morris H. Ilainsen and William N, Hurwitz for their early work with 
tho autliors on the design of the sample as it was first used for the tiro 
inventory. It is a pleasure also to record the Bplcndid cooperation of 
Messrs. S. Schotland and M. K. Robbins who were in charge of tho 
Inventory and Control Brandi of the Ollicc of Price Administration 
in Now York, where the saraiiles were drawn and tabulated. Valuable 
profes,sional as-sislandc was rendered throughout the work by Dorothy 
Gottfried and Miss Sylvia Wolo.solI of tho New York Ib'unch. 



WAtl'TIMK AIl’MlNliM J^TAtl^Tlrs* 

Mnniiwrit t>. fJfUv.*7u'« 
ftcwn.'fri/rfioii Fif“nw* * 'n f ti.M.i(i''n 

T he btart of llie imtional flrfrn,!'** ftri'ni jwh irt IS»t*r» 5Jir I’nilwl 
States Kovernment willi fr-w TkrnjHaii (Mi4. S< jd !lh<> (’we of 
fllumiiiuin,' lltllc kmovlwlRC of llin raw refjoiTr-l »o ronSce 

ilioific wc needed. Moreover, the RoVr'runif a!i virJojtUy no iofumia- 
tiontoehow Ihcexlentlo wliHi lUe I'iiiImI Stmea j^onw-fr-nd M-rd’.’ttinR 
cfti>nciLy In fulfill whntevrr iIk* manorial oif 1 r. rtefon* 

the war, the Bureau of Minon mllKled annual drda (UJ vstrso fduioiiuim 
protluclion ami Henuulary rerovery tfroni eerw)*]!. nu-i 5|jo lVj<flrinjenl 
of Commerce labulnlwl our iniiiorl« oml pxp^rie. I'>s» (fia' alw.u! all. 
Tlic lack of a coiniirfllicti.''iv»' Rrtvcruiisdt’.a! !i'r«''RriiTi( for the 

aluminum industry cou|»l«l with ilm nlwcnro of n uadc itro* 

ecam that miglit have served a* a leniirtuary Jornril not 

only tlinl now Hlalislicnl aurveya )m«l Ut l»e eotin-hcMl. i-ijt i(ii»o op* ra¬ 
tion, and rofitml, but also tlinl «j»|irn]»ii;i(« r»er-atrf|( M biu'jui* nnd 
raetimdB of analj^aia had to Im wnrkril mil. Tim devr!oi<nu-ns of ilu^e 
tccliniquca and melluKlB under the unroriijiroiunlnR |>r«wure of ilie 
war will bo tbc major lliemc of tliin prewnlntnm. 

Tho fact that in 1040 the. Mumimun (hmipany nf An-i'-rh a fAlma) 
WOB the only producer of virgin nlumiiuim ne (veil ilm |<rinri|’:d niniiu- 
facturcr of aluminum semifaltriealed pnalurM fwfildnlc*! the l.wk nf 
obtaining Urn information needed to begin the biH'invs's «d naU>«nal de- 
fenso planning. Kven with lids eenlral saurre of infornuiiiion ibe iii/ik 
WM far from a painltiss one, and it was md unli) well inbt lO-ia ilird 
lack of adequate uiumimmi atatislicK eeruMMl i«i 1«* a. nu4}««y nMuree of 
didiculty in the work of the iVar Prisluelirm Iliwrrd tWlTM. Altliongh 
a comprcheiiBivo Btatwlienl reporting syidein ufw insljluH' d Ity the 

* Thft opiniqlui Ale of |Hp AuOtrir Arta) f e|yi*f«t 1 lali.a*' * J l1 r i fill 

clil viowB of the War PioducUoa lk>anL. tilfirti li>A r | f iU>rv i 

Udii Fjonncd Ck>rporalion< 

' Aluminum m mie<| m a nAwwie term Un l« *11 of ihtt 4^*1 J* 

maJo of comTneTcblly yjnirt alumlnqm M a'jFCj^ 

or utifnbrirAlctl. .Hfurnihtiin pig, utmI Piston asis k tiitpri 

lo ropreftcnt unfikbricAied meiM. lUt U Iwrllef fhiitiAtirr. a ty^wU f i ^ J tr lo Jiieil 

riolal which, when rofinG^i Aful caiV ft) * irpi^Iql frri (piilsowji-yphl 1 -^;^ s-sm'^ fTr^n 

Tnolnl (flomotlmoi referroil (a cut pri^r^> U olumthui)) ma. 4 ^ Afy-nuirn, bk-w.k'i ir^ 1 j- 

inonly called iMtfrxfory) in aluminum mwfp ff^m ,4.,^ u^s, t, .,,f 11 

Apply Only (0 alumlitutn Ptade fiom As^fAj) BUi.«y ► ift* I ;■( J'«t. I b 1 .!» M A 

fairly rcalrloicd iwi of iho lAtTfir Klihirr y^ 'nf4^tu^ r r rfi.f 

produclt cut) bo einiiloyrtl lo icpri^hl lha i^tliliirlo of lU linli^eUy !> KiiE> pjiu finfeii'xl Itifr'l 
dufriHf ftlVny coiYipoahloni, ffirma, awl ahAtWha: ior aKe^i, f 1I. tuipn i,*, 

jKJttdor. In ihifl i^pcr ^nfiW nml rtfiotiuHi tiiU (<»»», ct» j, ,j«li ^ 

Oftoklnil iilrmilU, made lri wlmli* ki In pari fmm niumioiini AT'ha falq^rsi^^'d ii r- i r. ivd t'lni/a 

could uHft n itlcMwiiry of HiAmlartJiMi^l Mliiininiim utrtiiDrdrify, 

3i 
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OfRce of Production Management, VVPB's iinmcdialc prcdcce-SHor, be¬ 
fore Pearl Harbor, tlicre was no substitute for background data and no 
telescoping the time for trends to make themselves known. Further, 
the aluminum industry proved to be far from a Hiinjilc organi.sm that 
revealed all of its structure and function under ciimorj' examination. 
And it was found that the accounting and production planning flepart- 
monts of big business arc not so flexible that they can readily conform 
to governmental reporting requirements that must be tailored to fit 
also the potentialities of sonic 1600 small aluminum cstabliHhmcnls. 

INDUSTUY STIIUCTUIIB AND COMMODITY CLABBIFICATION 

Tlic activitic.s of WPB in channeling the flow of materiiiLs, scheduling 
production, and guiding the ojiciationB of industry generally required, 
for administrative even if not for statistical considerations, the careful 
definition of the commodities and industries under the cognizance of 
cacli of the Board’s separate organizational units. Because of the pre¬ 
ponderance of the productive capacity encompassed by Alcoa and the 
Reynolds Metals Company and the close integration of operations 
within each company, it was natural to define the aluminum industry 
so as to.make it coincide os far os passible with the boundaries of the 
activitic.s of its two ])rincipal moinbcrs. At the same lime tlic produc¬ 
tion and accounting practices of the smaller producers liad to be taken 
into account. 

This approacli proved on tho whole to bo salisfactory tor both od- 
ininistrutivc and statistical purposes and brought tlic aluminum prod¬ 
ucts and facilities shown in Figure 1 within the definition of t]ie indus¬ 
try. Alcoa produced all tiio produols included; Reynolds, most oftlicm. 
A limited numlior of iiroducls made by Alcoa or Reynolds cither were 
too widely manufactured and distributed as finished products or were 
too difficult to control ns aluminum products to be included; for ex¬ 
ample. screw machine iiroducts, collapsible tubes, so-cnllocl Hooker 
tubing, procc,sscd foils (laminated, printed, cmbo.s8cd), and stampings. 
Empirical judgment would indicate that rivets, cable, and pigmout- 
type powders, all of which resemble finished components as much n.s 
semi-fabricated in oducl.s, might also have been excluded from the defi¬ 
nition. Distributors of aluminum products and dealers in nluniinum 
scrap completed the industry's coverage.® 

■ ’J'lin iniiiliiA fiiiil hruf'driitlloii of liniixitn (llio only inliirrnl roinkncrclrilly iitiI nh n nourre of 
(iliimlnuinl nnd llin prodiirLion of uliiTnllin (nluinlnunt oxidr. rxtriHilril from Imiixilo niul rednri'd to 
idinnliumi Mrcirolylindly) could bo included im purl of llin liulurilry under rt f{oiicnd (lclliiltio]», }juL 
iian-inaLnIlio iniitciridl/i nucli m thcnc, no fnr rornuvrd from muiiilioim production, vsero nubjcidi'd In 
Ibclr own dlfllributlon nnd conlrol tculiidonrs In tlio llOAfd. 
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While Figure 1 inclicatea the principal hcndingn under wliich alumi¬ 
num i)roduct8 can bo clrunsiried, it does not reveal llio detail to which 
useful claasiBcaiion could be and was rcGucd in the administration of 
the aluminum program. It ia almost a truism to say that the greater 
the detail available on requirements and 8upi>lics the better they can 
be matclicd. For instance, early in the war rod of small diameter be¬ 
came critical, but without knowledge of capacity, |)roduction, and re- 
quiromcnls according to diameter, it was dilTicult to i)lttn for tlio relief 
of tiio shortage. Moreover, plant capacities wore detennined to a great 
extent by the alloys and otlier speciricaliona called for l)y consumers. 
T)»o capacity of au extrusion plant is much greater ptnindagc-wiso 
when working on heavy or soft alloy sections tlmn when producing 
light or hard alloy sections; and the capacity of ft foundry falls when 
specifications are so rigid that ordinary practices of repairing defects 
in costings are outlawed. 

Tlie decision ns to the aluminum classification scheme to bo used 
by WPB in the operation of the Controlled Materials Plan—the plan 
wliich governed the distribution of aluminum, steel, and copper from 
1943—became a contest with the statisticians and supply planners on 
oho aide and tlic administrators of tho overall plan on tho other, Tho 
former wanted a detailed classification broken down by alloy, size, and 
licat treatment; llio laitor were fearful that a detailed classification 
would unduly burden industry witli pai)cr-work and causo tho plan to 
become enmc.shcd in "red-tape" and break down. The result, ns might 
bo expected, was n compromise. Instead of over seventy categories of 
aluminum—the maximum num])cr ever propo.scd—it was agreed that 
bills of inalcrials (the ultimate sourco of requirements data) would bo 
prepared by industry oh the basis of a thirty-Uirec-itcm classification, 
that requirements would bo calculated and submillcd by the procuring 
agencies on the basis of a more consolidated list to vary according to tho 
agency, and tiiat allotments would bo issued in eight categories.* Tim 
eight categories were also used for the public release of aluminum siup- 
ment statistics by WPD in Uio Faclsfor hxduslry series. 

The liinilnlions imiroscd witli respect to allotment control and re¬ 
quirements data did not c.xtcnd to tire collection of statistics on tho 
operations of llic aluminum industry. Accordingly, throughout the war, 
data on aluminum production, Bhquncnts, and past-due unfilled orders 

* Tbo clflhl enlcKoHc4) tried for ftltimliiuin nllolinonlfi compnro witli two in At eel niui aix In copper. 
As oiporionco wna f:iiined, Ihd nluTnItium cJiuwifi cut ions were condonneO luilll ronuiTcincntfl wero pro- 
Acnlcd iji eifflit citLcftoriett nrul ntlolmcnln wero liiAti»l In oiio. 'I'lio nlrorafl Industry, by fnr tlio principal 
Qoiinuinor ol niiiTnliium, woa AtibloclfHl for noino llino lo morn (loiiiU ibnn oilier coijfiiiinorBi liowover, 
both In lonnA oi roriulroineMla onloulnllon and allolinoni nccounllnir- 
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were collGCled in more delftil Umn Hip i tKht cnieKfrir-s f<,r ii. v a** fruutd 
that analy.sin of aliii)niealn in lerniH of nlloyfl, niul Ii^ hI Irrnliiit iilM 
rovcnlecl Bigniflcniit IiciuIh in flicimilr-rn (*f ‘lift won* iiunl- 

unble in laying out produolion nml ftudlily cxpnuHon pmgri»uiH. In ^ 
senfle, dclnilwl KlaliKlifiil rcporlinR nnd mialyi-iri of Hir pa'.f, ji 

BUbfltitutc for detailed controls over llw future. aliniduum ^l-e5„n,. 
ensicr in supply ii rouiI deal of thin tlf'l»il w:ih dispeiifisl and the 
reporting job of iiiduBtry was rcHlured rw nuieU an pt«iwcililr*. 'J lo* iiumbt-r 
of roporling calegoriea wns gradually cundMiHiil from forly-tiiMi lo 
thirty-one.® 

nKQUmB.MeMTB DKVKI.OPMBNI' .\XI) A\At,YOI« 

The fulfillment of the rofiuireiuenlti of the nrme«l furet *«. llie foreign 
nations entitled to Lend-Lease )U!)>islnuc*e, and the ^VJlr-^■up^lllr^irlg du- 
mcstic economy for inalcrinbi anti finislictl pnKluris ffiiitiiituiit] ijm 
core of the rcspoiiHibilily of Wl’JL TJie Hruird rlt'legalcd tin* r*'5*jf<uu'i' 
bility for the compilation of retinireineiilN to flic Mi-rnllrH| 'Vlaiiiiriut, 
agencies’'—tJio War nnd Navy Dciiartiin-nia, llir iHireicn lieonnmic 
Administration, the OfTiee of Bcfeiwe Transportation, flit' Xufii.nal 
HoiiBing Administration, llio rclrtileinn Adiuinislriilioii f»ir tVar, n«d 
the other b'cderal agencies under \t‘hot*n eogniioiiici.' I lie I'fniionuc iin- 
tential of the country was mobilirxHi. Wl’D ni»sume«.l Hit* ri pru'i rd.'iiutn 
of thoao indiifitries which producwl comiumenla of surli wide iiMige 
that they could not be liatidlcd by any one of (he oilier aBi-iu i'"*. I’ln? 
WPB Office of Civilian llcquircmenta rcprwcniwl the rivihun pujuilu- 
tion. 

Under CMP, Die calculation of rcriuircinenla liegau uiili Ibe plufr- 
mont of a iiriino conlruet for iiu |•Itd-prcHluel, beuriug spi-eilu ntiiifH in 
tcima of materials, performance, or hotli. Tlio prinit* eonlruelor pre¬ 
pared a bill of iiuitcriuls Hliowiiig Uie ainounl of nipper, nluiuitiiiiii, and 
other commodities, in designated hIiujich and eize-s n iiuired in pnrduee 
a unit of tho cnd-prodiict, making ajiproiiriato alluwannm fur eirup 
losses, spoilage, and spare partn, (A bill of niulcriiils wie^ «hn preionrd 
In some circumstniices by tho flubconlrarlur and was MiduniUiil lu the 
prime coulraclor for incoiporalion in his bill of nmlciiab.) TJii* Mitn- 
mary bill of materials was Iransmitlcrl by llio prime roiUriu tur in 
claimant agency, where itbccuiriu one of Ihe iiiiuiy used in I’alfubuiua 

t Tho r>}iriujo 0/l/uiinttt ]a uaeil to rcpiriN'til I'lc* iH.i. pr , ^ 

to iliQfiUdn, HduuOH, nlloiTi, bfnl Irr^Alnit'iilu. rimaLt'ia, ahviI mn. 3,9 , 

• Tlionliiiiilnumneoilcuof iho IJ, R Httmhr*! ... t lu i > 

from lliu flcliomo u«<m 1 by bin ihn Imh ntn Im lirmiKlil i' .t-ibrr i. h n \ 
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tho innterlalH roquirctl for that ageiicy’H (iggiPKiile (tf procuroincnt pro-- 
gi'ums. The claimant agency compileil tho material requiroincnlH for 
all its programs, taking into account the lca<I-tiinc (lengllj of manufac¬ 
turing cycle) for each end-product and the expected change in contrac¬ 
tors' unprocessed and in-procesa stocks, and Huhmitted the resulting 
figures to WPD. The requirements were submitted quiirlci'ly atul in¬ 
cluded not only t)ie data for the one quarter umlcr immediate consid¬ 
eration, but also for as many ns five additional qiuirltM’H. 

Tlio Board, witii n Blaft of economists, statinticiuns, and indimlrinl 
epccialists, analyzed or “screened" the requirements sulmiilted by eucli 
clnimnut to determine initially whetber the requiremeutH were reason¬ 
able roprcHcntations, in terms of malcrinls, of the agency’s procurement 
programs. 'When total screened requiremeutH exceeded n\'ailnble sup¬ 
plies, tho Board had to inveatignto the conflicting dumandB, weigh the 
coiiBcqucnce.s of nltcrnativo program reductions on each of the armed 
forces, on tlic civilian economy, and on the Lend-Lease recipients, and 
decide how tho available supplies should be allocated. On some occa¬ 
sions, wiicn Die competition for materials was finally narrowed to Ibo 
armed services, the question as to tho programs to lie cut back woa 
refoi rcd to the Joint Cliicfs of Stall or the Under Secretary of War. TJie 
final dcri.sioii of tlio Board was embodied in formal allotments of each 
conunodily, iw.sucd by the Cliairman of tlie WPD llc(iuircmonls Com¬ 
mittee to tlic various claimants. 

Tills leiiglliy chain of events had a marked effect on bringing ma¬ 
terial rcciuiremenl.s ont of Die clta().4 in whicli tlic beginning of tho war 
found them. That m not to say, liowevcr, that the requiremeutH were 
wholly accurate descriptions of the mnleriu].s really needed. FigurcH on 
aluminum, for example, kIiow that for nearly every ([uarlcr of tltc opera¬ 
tion of CMP, shipmont.H were suhslanliidly bd(>w originally staled rc- 
quiromcnls and allotmonlH, and yet past-duo unfilled ordoiu showed no 
Hubsianlial cliange. It is evident that rcquircincnts were usually in¬ 
flated. Tliorc arc many reasons wliy lhi.s was so, and a few will be enu¬ 
merated. 

1. Tliorc wore numerous clianges In production sclicdulas for end- 
products mode between the lime the rcquircinont.H were calculated and 
the quarter to which they were applicable. After 10J2 Uicso Kchcdulo 
revisions were usually decreases, ratlicr limn increases. 

2 . Sparc parts rec|niromcnts were usually calculated very generously 
to allow for liigh combat 1o.hso.s and damage. ICxpericncc hu.H shown that 
thc.so allowance^) wore too high. 
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3. Scrap losses were actually lower than iiianiifncItiriTfi rfilciilaird 
them lo be, probably Ijcoaime of the iin-reaHwl rkill nrid rfrii-ieiiry 
achieved in maniifacluring operations, 

4. Shoi-tagcfl of components cftuswl iiuliiKlry to fall beliiinl jirwhie- 
tion echedulcfl for cnd-pnaUicls, nml tim.s tin’ ninininuni whii Ii vamld 
have been required had the compnnenlK bwn avaUabh! wivn no! ordered, 

B. The human tendency to ask for jii.sl a little more limn tlio inird- 
mum necessary, either tor the sake of safety or fttr tlie sake of in Rolin- 
tion, was undoubtedly present, nltlioiigh it must besanl in all f«iriii->»‘« 
to the claimants (hat consrienliniiH eonservalisin r»V( r*shuih»w»'»l any 
apparent inflation of rccpiircmenls for harKniniiiR injrpwes. 

Even if the claimnuts hiul been nHwl auccmfnl in eaknlaliiiR tln.jr 
requirements, thcro umloubtedly would have ln>en a siiiiill aiitonnl of 
attrition* caused by the atlminiHirnlivc opernlions of ('MT. 'I lie iran;*- 
fer of allolmeut paircrs through so many Imnds and the tendenry lo 
establish small reserves of allolmimls nt enrh link in (he chain would 
have, of Itself, prevented the total uhc of allotmeniH iiwutnl. Alh>tnii-nt. 
paper followed the reverse eoumc of rcquiremmljs imprr nnd p.’l^^.f•d 
from WPB to the clninmut agency, to the. prime, cuntriwlor, (u (ho sub¬ 
contractor, and to the moat remote sub'Siibcontrartor, (lov\n llu' line. 
Attrition wnaI'ccogiiized early nsacojicomitnnl of C'.Ml’ and W!i« rom- 
ponsalcd for by allotting a small oxcesa over avnilnblc Mij»|dy, 

The procedures and tcchiiiquM used by the claiinnnt iigemdc*, in (lu jr 
operations will make an imporlanl narrative that shmild l.e piosi rved 
for n future omcrgcncy. Porlmjis the Army «ud the N’livy will ei>n(iiiiir! 
to calculate material requirements in the same way fur |(e:iee-tiini< 
programs, thus preserving a skeleton of their war-tinut mnlerials plau^ 
ning organization. Although the ideal inetluKl of eniitpiling retjoiK'- 
ments wcis described abovo, each clainmnl agency workiHl mil nusljli- 
eations and devised Buhstitutea for the bill of material iirttfe^hire lo 
meet its own circumstances, 

BVALUATINQ CAPACITY AKD FOnr(?ARTIN() nilODirirJ ION 

One problem that defied complete aohiliun nnd bernim* a reeurring 
source of difficulty in aluminum, and npimreully in oilier mateiials 
planning was the dotcrminalion of capacity. Perlinp.*! no ol her fl^peel nf 
WPD operations was fcnturctl by ho much eonfii.sed lliinkiiig tiiul iiii*.- 
understanding. Port of the explanation for this liiiH in Ihi) uhii of mi 
unorganized system of nomcnclalure, The many lerrim Um'd in lliis 

* Atlrition Ib n ahofi lorm datioUiii; Iho 
pt&ced. 
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field were never carefully defined and thus became crude tools of ex¬ 
pression, vague in intent, iinplicntion, and interpretation. The use of 
difterent terms to represent the same thing and of the same term to 
represent different things is symptomatic of an cITort to fimi a short-cut 
through a complicated subject but there is proba))ly no short-cut to bo 
found. We must recognize that in capacity studies, ns in other statisti¬ 
cal work^ statistics are meaningful to the extent that (i) tlicy are de¬ 
veloped to serve a specific puri) 08 c, (ii) the assumptions on wUicli they 
are based are clearly understood by both the statistician and his audi¬ 
ence, and (iii) their probable error can be dctemiined. 

Capacity studies served two principal purposes in aluminum plan¬ 
ning: first, to determine the need for building new plants to meet re- 
quirementH on a long-range bawvH-, Bccoml, Lo determine how much mar^ 
tc]’ial could be produced in the facilities in operation to meet require- 
menta on a short-range basis. In each cose a plant-by-plant study was 
essential; indeed, for some commodities the study of the potentialities 
of each piece of operating cciuipmcnt within a plant was called for, In 
studies initiated for long-range planning ))urpo.sc8 the answer to this 
question was sought; How many pounds of commodity X can the alu¬ 
minum industry produce monthly at peak witli the pattern of businesa 
that can bo forecast and with its present plants and tlio additional 
facilities already aiitliorizcd or under construction, if there are no 
limilaliona on available manpower, production matcviivla, maintenance, 
rei)air, and operating supplies, transportation facilities, and power? 
All the factors of production, in other words, arc assumed lo bo at their 
optimum; the unknowns arc the pattern of businesH inherent in tho 
requirements and tlic polenlialitios of the physical production facilities 
in the light of tho pattern. Tho reason for posing tho question in this 
form 5s not obscure. There was no point in building Jiew facilities if 
those in existenco or already planned could, under tho pro])er condi¬ 
tions, produce the amount of material required. If a shortage of labor, 
for example, were anticipated ns a limiting factor in production, it lind 
to bo tomediod directly. New faeiliticB required ho much construction 
time and critical materials that tlicy could not bo authorized if any 
other method of increasing production could bo found. 

The short-range study posed a different question: How many pounds 
of commodity X can the aluminum industry produce in a given quarter 
with tho pattern of business and iiiuler tlio operating limitations with 
regard to maniiowcr, raw materials, etc. that can bo forecast for llie 
quarter? (Maximum practicable prodiiclion is the moat dcacriptivo term 
to represent tliis concept.) This question was easier to answer in aomo 



rcspcctR, (ind more ilidicult in ollirrH, lhati <)n' lojiR-riiiiRf' riii»«tlirtn ot 
aujiply—ciwier hccnuHo it]md l« lt<* iiUHwcrnl «inl\' Iwit nr llitre ntnudit; 
in adviinco of llic tivtiirler luulcr foii^idoriilioli, loiH timre iliniroh Ue- 
causc of tlic nuiny vnrialiIc,H to In*. Inkeii inlo n^etoint flml Wrre mil 
svisccpiihie of irmtuu'nl. The prineijial uitkiiovvtt \vru« mim- 

power. Whftt urgoiicy rating wiiuhl llii* iii(lii.'<fry hr' grjiiilrd fur t ftrli 
of its plants? IldW ofTeidive wonhl lire rntinK lie in inm lo^inK rrmiit- 
ment of labor by (lie Unilcrl Hlatew Kitii‘|iiyjiifiif Srtvin"? Wnnl*l itiJvr- 
I'cgional icoruUiiK’nL ho iirrinilUHl by llio W«r Muni'rmrr t'liiniiiiic- 
eion? What would ho llio iiiijiaol of (‘luiiinr-B in Krleriivc J^ Tviro n-giila- 
UonB? Would llio Army ftirlmigh Hohliom lo work in Orr iiltiipK? Wonhl 
tho War Labor Ihmril ajijirovo ii |ii'jidiiig wugo iiirrcUM'? Would (flio 
National Houaiug Ailininiutrnlion nhlniii notilH IrailirdiumdiiK in 
tirno? Would the ManlinlUiri I’nijopl on one eidc of Knuxvilh* ronlimif 
to coinpelo with llic nUmiinuin Hlnu't milt on Hie ollirr eiile? To uhai 
extent would Bctifional faclow ulfect labor Hipply? And how roiihl (hi* 
anawera to nil of thoRc quoatioup, if ohtaiiiwl, be lra)r‘»lati-<l iri(o an 
estimate of mnupoNS’or on the job and prcalucing nluminuin? 

After the maniiowcr unrerlninlios wen* resolved a« far ow lliry l uidil 
be, tho next point of invislignlioii wan the rale al whir’h (he irirlui.(ry 
could accelerate ila prodnclion from lh(f level at wliirh it wiw exj«'r(r‘d 
to bo opcrnlinK immcdialdy prior Ui Lhc beginning of llu* »|uiuler. 
nuctimtioas in the demand for alinninum produela wcie vrry mnrkHl 
during the lost two yoara of the war, not only beenmiv of vlmngrjii in 
procurement progratrua for end'prwlucta bul abn beruuKi* of elimimin in 
tho inventory policy of tho nireraft imhnitry. T'liv yeur-t nd invixlnry 
clean-up drives of nirerufl mnnufaelnrrrK rnuKiil tdiiiniiinm nrdi-rK mul 
mill Bchcdules to Bhrink in the hwl tpmrler u{ the year niirl rifir» agnin in 
the first quarter. Thin was imrticnlavly appnrciil al l|ii* f iid of llM-l, 
before tho reverses in the Ardeius, when llin aircraft indiiMl ry. vsidi f.iu- 
eye on tho headlines and Ihc oilier nn airerafl niihiwks, livnl iifT (heir 
Htoclcs and kei)t new oi-dors at a inininiUTn. In (lu* fneu of mieli Ihn'l na¬ 
tions in denaniul, the cniculatkm of inaxiiniini iiraelieiihlr iirodmlinn 
for a quai'tci' followinir one in which Ihe mills wore pnalneiiiK a( rc-la- 
tlvoly low levola, had lo ho Icmpcrcd hy llu* knowhslge that huildiitg 
up maximum Bjiccd in nn induslrial jilnnl was n gradual proi'rss. Ni-w 
workei-9, assuming that they could he hirisl, Inui in lie trained and limt 
to develop eldlls on the job, iirodiiction lines laid In he exlended, m-vv 
shifts established, working slockH Imilt U|», ami ho nn. 

Tlio gathering of data for capacity eluilies was a jniiil nf tin* 
WPB production Bpcciidisls and Urn slalislictd-planntT. li wns muni- 
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fcfitly impoH,siblc for the latter (or his alalT) to do the job without tccli- 
nicftl eonsultation. The statistician, liowcvcr, laid dow'n the ground 
rules so that uniformity would be aclucvcd by tlie many people cou^ 
trlbuting to the task. The produclioii specialiata studied plant records, 
often visited the plants themselves, conferred with the pvoduccii^, con¬ 
tacted other government agencies, and submitted a preliminary reports 
The statistician coordinated the data contained in all the rci)orls filed, 
analyzed iliom in tenns of past pciformancc in comparable periods, 
brought to bear the manpower data available, and reported his recuuv 
moiiclationH to the executive in cliargo of Iho whole alurniiium supply 
progviim. The comniitmcntH on supply >vcrc tlica mode, usually aftt?r a 
final conference with the production specialists and the statistician. 

The concept of maximum practicablo ])ro(luciion was not infre¬ 
quently contused with cslvm<ile(l prodiichon. For example, one researcher 
proposed to measure tho reliability of su])ply forecasts by comparing 
quarterly CMP supply commitments—tho equivalent of maximum 
practicablo production—with actual 8hij)mcnts, The rcsulLs of such 
a comparison would be meaningless, for one variable that maxi¬ 
mum practicalile production figures did not take into account was 
the amount of ordcra lhatw'ould bo placed on the mills. Obviously tho 
mills w^ould not ship more ilian their customers ordered, with the poa- 
siblo exception of relatively small amounts preshipped against orders 
for delivery in future periods, The forecast of production (or Hhipmenla) 
as dislinguishcd from maximum pvacUeal)le production tlrns reciuired 
a furilicr leavening of the capacity concept liy the introduction of 
another variable—order placement. Such forccnats wore prepared by 
analyzing the requirementa for a commodity nnd deflating or oc¬ 
casionally inflating them to rcnlisiic quantities to ropresent csLimalcd 
order placement* When this figure was flubstantially lower than the 
maximum practicablo production forecast, and it usually won, it w'os 
used to represent estimated production. ReportH l)y industry of order 
acceptances for future months, while not a complete representation of 
the actual production load to bo handled for more than one or tw'O 
months ahead, were also ol value in clcvcloi)ing eslimates of order 
placement, 

Tlio nature of tlic task of dGVGloi)ing capacity and production esti¬ 
mates varied, of course, from product to product. Virgin aluminum is 
produced by an olcctrolyiie process that rccjiiircs continuous opoi’ation, 
Thus, the ciucstion of the numlmr of shifts to be in operation during a 
])eriocl did not enter: a plant unit cilhor operated full-time or it sioj^ped 
operating. The paitern of luisincsH was not a factor; sliglit varialions 



may occur because of the chanKing nntls Iti iirrHluce *'rirli alirtyH” in 
the reductioit coUh or poia, Imt tlin ofTcirt of iIhm in nrfiligibh', A t»mall 
slump usiinlly acciirs in tho Hummer numtiue, but nJlirrv'.iM-, rxrlu'ling 
curtoilmonlH causiKl by policy dcriHioiis f»r severe labor nr pi-n t-r slutrl- 
ages, production is very Hlttblrs. .Sccoiitltiry inelal in a rlnsw by itHelf. 
While the cnlciihdion of srnellrr enparity nnd rnasimiiin prafiiirablp, 
production luesent no unUMual problems, the birerasl t)f Hineller pro- 
duetiou and of not flcrondnry rorctvery Ik a romiiliraJwl affair in nliifli 
Iho element of Uic informed guess iiiuhI enter slroiigly. fiinrller |tnHliie. 
tion ia influenced by the rcliuivc prirea of primary itignl, wronrlary 
ingot, and nlumiunm scrap, with llie hitler being |«nr)iciil«rly Mibjert to 
rapid market fluoUmtions, 'i’he policiet* of integrate*! pnslnrerj* wbit'li 
UBO large c|iianlitic8 of scrap also inlliienre wieomlnry ri‘eitvr<rv sub- 
stantially. The manufacture, of Hcmi-fnbrical«.! iinslurU is HUbjeet Ui 
all possible influcncca, including ibe pattern of biminr"!*.**. (be iiiiinber of 
shifts that can be operated, the heal of opcralinn in (be eiiinruer (no¬ 
tably in foundry work) as well oa laimr svipidy, ibn supply of fuel for 
heating niclling furnaces, and the liko. 

TUB COKt.'El*!' OP "KET «ri|l*MENT»'' 

Aluminum may poas through several Hlogw of f«l»riealion nnd 
through the hands of a dislribulor before it ia HhipiMs! out of the jiidnn- 
try to tho industrial consumer.’ In this renpect ahimbnini is no difTereiit 
from other metals which sen'o fllruclural purptm^n. While, ingot, ship, 
ments might be used as Die basia for a HlBlbliciil ayatmi in nliiniimini, 
such a measure, only indirootly rcaponsivc Ui rliaiigcs in industrial ilc- 
mand, would be of limilctl value. hleoKUring lUuminunt nrlivily at the 
semi-fabricated product level is much to be prcfcrriNl, nhhough it in¬ 
volves several problems in Burveying the indiiKlry and init-ntrcling the 
tabulated data, 

rt is plain lliat if we were to add logctlicr ahi|nnr->i(^ mado by n|| 
plants in the industry our total would bi* inllalcd to Ibo esti-nt tlud the 
same molal is counted as a shipment more limn once. Itiveiw Hliippwl 
by a distributor to a cooking utensil mauufaeluror, to lake an i-xlrmim 
case, would bo counted ns ingot, rod, wire, and rivets. And if disirilni- 
tora were included in the system, the rivets would be cmuiltsl t^vn e ns 
xivete: once when shipped by tlic rivet innmtfiiclurcr to (he iliHlribiilor 
and oneo when sEiippcd by tho distributor to tlic fiiuil ernmunmr. It ivas 
apparent at tho start of planning the aluminum program that, wbilf it 

» A *olftllvoly nmnll Atnounl ot Muminuin fn iumhI ouulUt^ |rf 

eumple, In deotidiilriK AjJoytnR inAitne«lum, 
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wuB essential to know how much of each aluminum iiroduct was pro¬ 
duced and shipped, rcgavdicss of use, it was no less essential to know 
how much aluminum was being obtained by military coutractore and 
other coiiaumors. Neither gross nor net figures could be dispcnHcd with. 
The problem of calculating net shipments was solved by assigning 
each producer and diBtribvitor in the industry with an identification 
number which he was required to endorse on tlie aluminum orders ho 
placed with other producers or distributors. This rcquiicmcnt was ap¬ 
plicable also to the separata departments of the integrated producers, 
each department being treated os a separate unit. With this sort of 
identification on orders received, it was possiljlo for oacli aluminum 
supplier to report his shipmcnls divided among shipments to other 
producers i,cidlcd shipments for further fabrication), shipments to 
distributors, and sliipments to ultimate consumers. The assignment of 
identification numbers was arranged schematically so that cacji num¬ 
ber not only indicated that the enterprise using it was in the nlnminum 
industry but also distinguished a producer from a distributor and, in 
the case of a producer, defined the type of aluminum product ho would 
fabricate from the aluminum product Bhipped to him.' A technique 
somewhat similar to this was used by WPB during the war for the Bted 
industry. Steel used a uniform aymbol rather than an individual num¬ 
ber, however, and did not include in gross shipmcnls, Irausfera of ma¬ 
terial among the separate depurtmentB of uii integrated company. 

INDUSrUY S'lOCKB AND TUU "I'U'BI.INK'' 

Closely allied with concept of net sliipments is the concept of '‘jiipo- 
line.” The pipeline of the aluminum industry nuvy be defined as the 
amount of ingot, in-proccss metal, and scini-rabricutcd jiroducts held 
by, and material in transit to, plants in the industry that is required 
to enable the industry to aliip its products at a given level. A brief 
equivalent might lie “minimum working stocks.” 

It is a happy coincidence that the processing losses encountered in 
converting aluminum pig to Bcmi-fnbricatcd products closely approxi¬ 
mate the weiglit of IngredicntB (cojiper, magnesium, ciiromhim, etc.) 
added in the production of aluminum-base alloys. Thus the net chango 
in the industry's total working Btocke during a period can be estimated 
within narrow limits by subtracting net ehipmenta of aluminum prod¬ 
ucts from new supply (virgin metal production, net secondary recovery, 

■ iiioUiDil of lilcntlflcAlioii firnved piirticulnrly vnliiublo fin il. provided WlMi with Lho dfitA 
for (Iclcrinirihif^ Dia cpifiiillty of one filiimiiiuin pioduol rOQUlrcd to jiroduco n unit of iiiiotlinr; for 
lUHlAucti, Vbn uvmutlty ol tubn lAunmn pior pound t>( VwblUH, ll&llnblo Tfillun d( Una kind woto 

oiMonlifil looln In all Wi'D iiioUln roJiQitrcli. 
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plus imports) for tho iJcriod mill mukinR iiii nppropriaic J^^lju^)Il 1 r•nl fnr 
any changn in pcivnrnmodl-owiicd Rlnckfi, 'I’liiK priiiripic Uf-rorm^ irinm 
useful when it is coinliin('«l with aiuilhc-r, nnim-l.v, lliiU th*' indiii-lry 
requires two and eifiht-lfiilliH to three priutids uf .'ilinuinnin iti it^s i-ipf- 
linc to make JHont/d'/ neUliipmenls of one ponml of ;ilinni[iuin pruxlin-lf*. 

Once n bimc inventory figure wa*! estiil(liHhf‘<l it wii« pr»:vil»h‘. uilh 
these principles and witliont a series of inveiitnr.v reimrls. to deternrino 
the stock position of llio induhlry at (he end of eneli iimiilji and par¬ 
ticularly to olrscrve, the. trend of industry sloeks over a .‘■erie s of inmil le^. 
It was also possible to forecast with great faeilily lie* innonid of nn-lid 
tliat tlic industry itself would ret|uirc ft*r Ihi' jii|‘eliii(‘ (that is. ovi-r ,-uid 
above tho amount to hcshi|i]unl to eonainnrTsl to mo e( iiii ri ,’vo il tnlid 
requiroments, ami, conversely, (he amount of nietnl that could li<* iniule 
available from the pipeline if rcf|uir(‘ineul.s fell. 

The following formulno will ilhiKtrale; 


Pc = V + S., + I ~N H- (r»V ~ fr',) 


where 

P,=>pipeline elumgo 
F = virgin nietnl prmluetion 
iSn=nct Hocondary roeovery 
I =inni)orlfl 

N’nnct shipmeiil.s of aluniimnn iinsluefs 
(/j=govcrnmonl-owjif;d slocks, begiiiiiiiig c»f pei i^wl 
0,=KOveriimenl-owne<l stocks, eml of periisl 
ii,=arcquireincnls for a de.dginiled ealeiidar qtiarter 
7Z,_iarcquiromcntH for (he premling ealeiidnr rimitier 


( 1 ) 

C) 


Data to solve the.se equations were, nvnihilde fnnn r*'|ioH,« filed by 
Industry or government agencies, 'rim eliange in tin* piin liiie for a pn.-t 
period could be calculated thnmgh cfpmlion (1); Hie elmrige in do' 
pipeline for n future quarter could be foreeiwl through f2). 

From this (Uscussion it miglit appear Ihol it was ti-.Mmied tlial (he 
aluminum holdings of llic industry were alwuy.s nt the iiiiiiiiiuuii re¬ 
quired lovola and Hint (ho pipeline eliange,s indieatcil by (Iu« pren^iiiig 
calculation would oeeur iimnedialely. Itwim rerognij-.od. bowevi-r, tlml 
changes in demand sometimes were loo ]a[dd and loo rsli-nsive to per¬ 
mit the industry to otljust its atoek po.si(ioii in a mondi or (wo. In ad¬ 
dition, domestic virgin ftlumiiutin production eonld not be eui-iiiile<| as 
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mpiflly na rcquircraentfl fell because of tlic jiosHibilily that subsequent 
iiici'cnficfl would call for reopening facilities, n didicult nccomplislnncnt 
once the labor supply was absorbed by other industries. Since produc¬ 
tion curtailmenln generally lagged behind decreases in requirements 
and since the government did not purchase domosticnlly-produccd 
virgin aluminum for stockpile purpo.ses, the prociHCcrs of virgin metal 
carried for a substantial period of time inueli more metal tlinn they 
required for their operations. The oxccas stocks hold by tlvo industry 
(E) wore c-stlmatcd in consultation with the proilucers, and whilo excess 
aluminum industry stocks existed, (1) liccamo: 

7^ = y + iSn + / - AT + (04 - (?,) + iEi ~ IQ. (3) 

It might also appear that tho excess stocks of the industry could be 
(lotei’mincd from monthly net shipments data, os follows! 

B = P - 2.877 (4) 

where P represents the total pipeline calculated by adding the monthly 
pipeline increments to tho bnae inventory, llclianco on Ibis formula 
would have been tantamount to assuming that the procc-sslng losses 
exactly equalled alloying ingredients, for even a small monthly error 
over a period of several years would accumulate to large iiroportions, 
This assumption could not bo made with confidoiicc,® and accordingly 
other techniques wove used to estimate the cx(!es.s mclul that existed at 
any time, 

The uscfulne.ss of the pipeline formulae made it unneeassary to ob¬ 
tain monthly inventory reports from the whole aluminum iudustry. 
Regular inventory reports were obtained from tho primary nuilul pro¬ 
ducers and tho secondary smcltors, but tho rest of the industry was 
free of inventory reporting except when somo prolilein rcfiuiring a 
knowledge of tho location of spcclGc products or alloys innelo special 
reports necessary. 

BECONDARY METAL AND SCRAP 

Secondary metal supply is another subject which had to bo cut to llio 
measure of war-time statistical requirements. Fortunately tlic pre-w'ar 
surveys and analyses of the Durcau of Mines jirovided an excellent 
starling point for tho WPB program in this field. The Bureau rcccivc<l 

* In fiiclj K TDvIow of lliQ inniitlily rnlloB of showed n Atoiidy rino lliitL ctuild nol bn nittlnfro]' 
lorlly AcDouiiUd for. 'f'liis IndlcAted n sinull inoiiMily illficmptiiiey cuniuliilInK over nlinosl four yciirn 
whlcji Innjilfid NuliHtanllnlly Lho total nmouni rnlculutcd lo hr In llio p 1 |irlinc. 'I'liin teiidniiry (41 ovi'^r-’ 
nlftlo lUo plpc\tuo Vi'htt nhlRrenl-eno«jib,bimovbr,l4t ImpnU ilm nht'fnlniAn »( Vhobnnndnn for fiwerbsiHiiK 
plpoliho dinnuoA niz or nine muiiLbii nhcad. 
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loporta on all transfer# of ncrnp comjKimV®. 'I'lu* rr^suUinR rc> 

covery figures therefore eneoinpfts.’MiHl new H^ra)! grni*ra<nl in lliti 
aluminum indiiRUy, nr.w scrap grneratod l»y finiRluMl pnwiurl mnnn- 
facturem, and old Bcrnp;'" they dhl not riicninpas^ iicw j*cni]i Hint wna 
used within the company in wliirli it wiw gcnrrnlMl. ThUf*. nt Ir-iiNt im¬ 
plicitly, the Bureau dcfinwl secondary recovery an ini-liil nTovcrc^l 
from scrap used in a company oilier limn tlic one wliicli K--ncralf*(I ii. 

There is no argument that such a dcfiiiiliiiTi is saLiHfnciory for oidi- 
nary purposes inosiiuich as the ronimerciiil usikcI of the secnnrlmy 
metals industry i« ns iinporlunt os any other in penee-liine. Neverlhi'- 
leaSj an analysis of this n]>proncli in U'rma »tf Iho rripiisit(j< of Him war¬ 
time statistical program for nhimiiuim slnnvinl Hmt in w prineijih'iM h'lil 
to bo established, as followa: 

First: Secondary recovery ilnlA miiRl cicfude rorovrird from ni-w 

scrap generated in the cniirse of prediiejng any wini-fnUiirnJ* il nliirii)ii(irn 
product within the dofiniid acniir, n( the ahiininiint induKliy, evrn it iiurh 
scrap Is BokI liy one ctiinpany to aiiollier. 

Second: Secondary recovery data miiat inWin/s m 4 t 9 l rernvered l>.v ih» 
aluminum industry from new scrap g<-nrraiei| in Him rniiipe ,.f riirii^imiing 
(for example, machining) rcnii*fahriraleil nlnminurn priHlucUo, even i( 11 ,n 
scrap is Koncralcd by a company which n'tnrlls surli yrrap it«>'lf nint ihe a 
not sell it to Olliers. 

Third: Secondary recovery data rpust Incliidn all itwUI recovi ird l>y (liC 
olunilrium indualry from old scrap. 

The first principle cnlla for the cxchisum of certain lyims of wrap in¬ 
cluded by the Bureau of Mines, nuinely, scrap RoiuTalt«i in the alutni- 
num industry and Hold hy one eotn|iany to another. Tim nurlnl em¬ 
bodied in scrap of this type was never incorpornlml in amni-ftibrieii(i'<l 
product shipped by the induHlry. It was eounlcd as nn addiiiurt to 
supply when originally prisluced a« virgin iiK-tjil nnd nuiimt Ik- 
counted again ns secondary metal until U. pOKst'a out of Hic imlnatry ii« 
an item included in not shipments, and then roliirnH. It ninal be rc- 
mcmbcTcd that the aluininnin indtmlry ineliidcs w'liii-fnbriralwl pnal- 
uct manufacturers ns well as ingot inukerH and Hmt tin* WPll biibnn i* 
sheet of the Indufltry was designed l« ineasiiro unfabricntr^l Hipjily on 
one side and semi-falmcated shipinfiitH on Uie oilier. All ilio iii«‘liil 
between those two iKiints of mcnsureiiuml ronKtiLulr*s tlir* |iipi-linc, and 
until metal Icnvea the piiicliiic it cannot Ite eounliil os im iiddiliinn in 
supply in secondary form. 

The second principle cuHh for tlm intduHiou of l•^<r^.a^l1 »y|iea of m-rnp 

** OM wrap Is aorflp Irnm olwltls. lir^Vidn, m 

AUlomobllos, Ntipurap Ib bcmp Iq itws qf nvwiufsrtufli,)^ 



WAn-TIME ALUMINUM STATiaTICS 


49 


cxcluclecl by tlio Bureau of Mines, namely, scrap gencmtccl in the 
coiivfle of the ultimate consuinpLion of Bemi-fabrieated j)roducLs ljut 
Tcmclted by Ihe company which generatcB it. Scrap of IhiR type, trans¬ 
ferred wilhin a company which ie integrated to tjie extent that it botli 
produces and consiimo-s aluminum products, ia no different from acrap 
generated by a non-iniegrated conauincr. To illustrate; Com|)any A 
manufactures cooking utensils and the aluminum Hlicct from which 
they arc made. Scrap generated in the cooking utensil department is 
sent to the slioet department for remeltiiig and rorolliiig into slicnt. 
The sheet is then sent bank to tlic coolcing utciiBil cleparLmont for use. 
Company B munufacburcs cooking utcnailH cxelusivcly, using shonl 
purcliased from Comjiany C. Scrap generated by B is sbippctl under a 
toll agreement to C for remclting and rcrolling into slicct, wliieh is then 
rctuincd to B. Comiiany D also manufactures cooking utensils exclu¬ 
sively, using sheet purchased from C. But scrap generated by D is sold 
to Company E, a smelter. Company E remolta the scrap and bcUs ingot 
to Company F, which rolls it into sliect for sale to Company G, an air¬ 
craft manufacturer. Treatment of the scrap in all these three cases 
must bo the same in materials calculations. Altlioiigh the scrap moves 
through tlircc different channels on three different cominercinl bases— 
intra-Goiii]mi\y transfer, toll, and sale—the material movement imd the 
contribution to supply in Lho form of secondary recovery are identical 
for llie aluminum industry taken CvS a unit, 

There is no difference between the WPB and Bureau of Mines second¬ 
ary recovery calculations with respect to the third princi])le dealing 
with tho treatment of old scrap. Tlioro is one other point of difference, 
however. The Bureau ineludca aluminum scrap used oulaiclo of Lho 
aluminum industry, for example, in the production of chemicals. Since 
V/PB was comparing the supply available from, and tho requirements 
placed on, the aluminum industry and since demands of other indus¬ 
tries for aluminum scrap were not included in aluminum requirements 
calculations, the iiac of aluminum sera]) outside of the aluminum in¬ 
dustry was not included by Wl^B in tho calculation of net secondary 
recovery, 

Tlie theoretical development of these principles wtis a much more 
simple task than llicir application to tho collection of secondary metal 
statifities luid the calculation of not Bccoiidavy recovery. To ueliicve 
perfection it would liave been virtually ncccHsary to put a tag on each 
piece of scrap so llmt after it moved from generator, to dealer, to user, 
its identity could bo determined and reported. Fortunately an analysis 
of aluminum i)roduction and scrap trade practices revealed tliab a ro- 
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porting Byslcni, not- innrkc'dly diffwiil from tlin! Iw'frtrr', Jlin war 
by llio Bureau of Mim'W, would itrovidn ilii- dofa wliiib. ■rtluji 
adjuBled to cliinimilc {louldc-counlinK of now t-orap k< rsiratfl mol wild 
williin the alurninuru iiiduatry, would givT n f-fTori'lfiry r-»nvi-ry lipiro 
icprescnlalivo of the net nddilinn to the ahiiniiuiiii nipply ohlainrrcl 
from aernp.** The WPD calculation j*r<K’<‘wlrfl iiloiiR thr hdlMii joy 
Recovery of scrup hy Piiiollom wra-^ calciilalr-d by roIj'if tiiiR Hu ir total 
ingot production figures to climiiutlc that intrfhm of tli*- in«ot ohtjiini*"! 
from materials hlcndt'd with llu* serai» (virgin im-tiil, ?oi*>nd{<ry pjg, 
and alloying iiigrcdieiils). The MnelteTS figures wt-re aho fsdjuhSul to 
remove the nmoiint rcrovertol fnun .«ern]» |irrHc.;iK<'il f>n toll. 'J Ids tyjo' 
of acrap is usually Rciieraled hy uliiiniiiiiut fmiudrit h; hniif- if is con- 
sidored tlie equivalent of ‘'nm-aroiiiur serap »innl.'ntiuB within llie 
indiistry even IhouRh mild hy its gejieratur, ■tn'rap piirrJuncfii of into- 
grated producora of virgin metal, including .•ieraji reci-ivr-d from tludr 
end-product dcparlinenls, less an esliuintcd melt Jon-s, wi re rdso in- 
chided. Rccoipls, Icrs cslimaltsl lucH low’, rather Ilian ncliial ronMunjo 
tioii and recovery, were used in this caw* tiriinnniy iMrause of n.iv 
venienen in reporting. Scrap rereipls of foundries* ami edhi r prislmers 
of aenii-fnbricaled priMlurls were inchulnl in similar fa«liion l-rom die 
total of thc.se ihreo ileriUi was aiihlrarli'fl llui n'lit)m*r-*| itiutuljly'if 
scrap gencraled hy pruducem of Hcnn’rnhriniU d pr<.*'hictK who did not 
Imvo melting facilitioa, i.c. the prorliUTrs who chip till of llirir rer.-ip In 
otherswitliin the induatry. Thiseatiiuate waseideidtiiled l.y mwliiplyiug 
the reported BhipmcnlA of aoini-faliricnUtl protlurta l»y Ihiw 

producora by faoloriB olilnined from industry e.\|KTl« n-pnNtjiing lla* 
amount of acrap generated r«‘r pound of pnahiri toiiimhielun <1. A 
formula sumronriKing the whole i-ulniltilioa would rv^nd h.** follow,.': 

S„ = S, + 5. d- S/ ~ (.2tiF -1- .flHA* -I- .T(17') (.'■|) 

where 

J,”*flocondnry recovery by emellerw, uxditilinR rtcnv. ry foon tb. ir own 
“run-nround" ecrap and aernp iiromMsl «m loll. 

^{•■accondnry recovery by integrated nielal prnilurei*., tiirfiolinu h'('it’.'riy 
froinaornp gcncrnled In llieirnwiieiid-|irni|iirl ili |i»ilni> iit i*, l-nt i-iebof. 
Uig recovery from tlicir own “niroiiround’' errap. 

^//"■Bccondttry recovery by prmbiri'r>i of wini-fnbrirnt. d p<rridu« 1., ini bniuiB 
nicnvery from m*rap gerii-riilrd in tln-ir t*wii < 0 i|,).O"t't-! ■!• ni, 

bill excluding recovery frniit Ibeir on-n "rnii-sonind'' o'loj-. 

Ht'fiip tlrtfii w(ir« Ifnrti nliiniiiiijm M.t*'sit^i r m Ws.-iqVi ‘i 

HmnllQM in liy | 1 |Q ]l||fr‘$ 41 | rtf Mtllra p.>> fur WI'H: a(>,'pr«q ejsitst I J ■ T S’l'S* A» 'I r 

Bcmp tlftia wiirr hblpln«<l hy WVW » 
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/''^tihlpinunU of forgliigisj by produccra wUhout incUing faciliUcH. 

/^>°aliipincnU of rivcU by proclucurs without melting facilitioR. 

r=aHbipmont3 of tubing by producers williout melting fncilitiefl, 

rOIlEIQN THADB BTATISTICS 

Doth for reasons of speed and convcnicnco and becausa of the natui’c 
of tlio Controlled Mtilci'ials Plan the data developed in WPB on tdiiini- 
iium import.H and exports arc noticeably dilTercnb from those compiled 
by the Department of Commerce. The discropancies over the period 
1041-1945 taken in the aggregate should be negligible, however, for the 
differencca arc attributable principally to Liming rather limn method 
of mcasurcincnt, 

Beginning in 1941, the United States, through the Office of Metals 
llosorve, made a series of contracts calling for over a billion pounds of 
aluminum to be delivcicd by the Aluminum Company of Canada. 
Transactions under these contracts were entered into AVPB import 
statistics as soon as the aluminum was delivered to w'arehou.scB in 
Canada for U. S. account or, in the ease of metal sent directly to the 
U. S. by the producer, at the time it was shipped by rail. This method of 
calculation was used because U. S. holdings in Canada were included in 
U. S. stockpile figures, and tho aluminum metal accounting system 
would have been out of balance othorwhso. It ahouUl bo noted that not 
nil of tho melal contraelunlly delivered cros.sed (or will cross) tho 
border. Some of it was resold to Canada, some was transferred to tho 
account of the U, K. in repayment for loans of aluminum made to the 
U. S. early in tho war, and some was sold to the U. K. 

Imports of relatively small quantities of alumliuim were also made 
under other special arrangements, Tho U. S. received aluminum semi- 
fabricated products of Canadian mnnufncturo for n'hich we provided 
the aluminum raw materials. On the other hand we received ingot from 
tlie U. K. in reimbursement for various aluminum scmi-fnbricated 
producta w'hich we provided through the Foreign Economic Admiiiis- 
tmtion and in reimbursement for aluminum powder provided through 
the Navy Department. 

Ilepoi'Ls of shipments filed by aluminum producers and distributors 
were u.scd in compiling export data. As far as CMP was conciirncd tho 
job of supplying u requirement was completed wlien llic aluminum 
iiulustry shipped the nuilcrials ordered out of its ])liinls. Accordinglj' 
no regular oll’ort was r(!([ui're(l iir iiuichi to follow iq) mill and wnri'houso 
shipments to the point of ac^il jftX]Hi!;t. WPB'oxp n rfc tla ta 
reflect the lime of mill Hh^ipn|slVWtli(!V Llwm'lliVlTimHoOf<ir'‘ 
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Those data include TvcncI-IvCOflO «hi|)mrnM nw will «»., hhiitirirnta on 
direct sale; they do not include nmlcrml luirrhn^f'd liy Dsn Army and 
Navy and destined ultimately f(trslilpmrnt tor Ihfir nwn nun nliroisd or 
for the use of a foreign country under the Inleriiational Aid prograrn. 
Department of Commerce figiireK sire Hiinilarly DOitpilr-il, rxeepl sviih 
respect to timing and except for InU^rnntirsiml Ai<l .‘^liiistiu nl ’^, w lsieh are 
included in tlie oQicinl fortdgn trade filalislirH. 

• • » 

The experience of the PrsHliirlion lionrsl Isss,k wrvrrnJ signirirant 
implIcfttionB for the fuluiT*. It slimved, if fsirllirr prrHff ns s ih*[l, 

that '‘dcacriptivo” and “iiittllnmiritifid” slalis'lis-finri' l<ai|g 

not only of govcnimenltsl hut uImj of iiidui'lrial ndniiniHiralion and 
planning. It showed that Llie nation’s apringlioard for ImUiI iirtHhiclion 
is a detailed knowledge of the cniulilirm of iiidiiNlrliil iimcliiio; and 
that the pre-war surveys of llic Pc'iicral govcrnrncnl ws'ri' itnl goml 
enough for tliia purpo-w. Finally, it showed tlial a sucresj^ful govern- 
montal slnlisticnl program must is? n emndinaU'd program, rnMldnl hy 
a constructive nnd central force. The conHidt-ndinn aln-atly given to the 
integration of Federal statistics'* isn liO|a-fiil indiralion Unit Dn* linnd- 
writlng on the wall is being read by alalialiciaim. 

»&j(s 'Problcnui of Fe^lirrol UuUmUiiiJ A A^ff. Austr 

Vol. 40i No. 230. June 1016. t>p. 237-041. ^ 



IIISTOHICAL NOTE ON THE PURCHASING POWER 
CONCEPT, AND INDEX NUMBERS 

WiRTii F- FEnopn 
Bureau of Inlernal Revenue 
t/. S. Treasufy Dcpl, 

I N nis historical appendix to The Making of Index Nwnhers^ Irving 
Fisher credits to Dutot, in 1738, the construction of tlic first index 
number of prices, a simple aggregative. A few yearfrago I picked up in a 
second-hand book store in Columbia, S. C., a book publinlicd in London 
in 1707 in which the author computes a kind of mental weighUul aver¬ 
age of relatives index of retail price changes between HIO'-WGO and 
1G80-1700. Whether the arithmetical application of tlic formula is suf¬ 
ficiently procisQ to give the author credit for the first index number is 
open to question, as will be seen, but there can be no doubt that he had 
a clear concept, not only of the purchasing power of money and its 
BignificancG, but also of the principles of constructing both weighted 
aggregative and weighted averagc-of-rclativcs index numbers wliich 
the succeeding 240 years have only refined, not changed basically, 

Tlic title page docs not discloBC the name of the author, but bibliog¬ 
raphers credit tlic book to William Fleetwood, the Bishop of Ely, The 
title page reads as follows: ^^Chi^oiizcon Prcclosuni: or, an ACCOUNT 
of ENGLISH MONEY, the PRICE of CORN, and 0^/icr Commodiiica, 
For the last 000 Years.—in a LETTER to a Sltulcnt in the University 
of Oxford. —LONDON, Printed for Clmrles ITavver, at the Flower-dr.- 
lucCf over-agaiust St. Diinstards Church, in Flceiatrcct. MDCGVIL*' 
Two reprints appeared in 1737 and 1746. The book has six cliapters, one 
given to a statoment of the problem, two to accounhs of gold and silver 
coins, two to scattered quotations of commodity prices and wftgo.s ^^for 
GOO years last past/^ and a final chapter giving the conclusion. PrcBenb 
interest centers on the first and lost chapters. 

It is interesting to observe that a practical problem of morals gave 
rise to the speculations of the autlior—or did it really? One is led to 
wonder if the Bishop, having spentn good deal of time looking into tlio 
history of coins, prices and wages, did not invent a practical question ns 
an exposifcional device—not a blame-worthy motive. Be that as it may, 
he also found a second and a third application of liis theory in his Con¬ 
clusion. Let the Bishop state the proposition, as siibmiltecl by the 
“sludenP': 

*CIIAP. I. 

«r/ic CAHK 

"TIio SlaUilcH of a certain College (lo tlio 01)8orvallon of wliicli, every onu 
is flworu, when admitted Fellow) vacubliig a Followflhli), If the Fellow Ims 
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An PHiito in I^nd n/ [nh€riifij\ri>, nr n j^rpriuiil l^i^ur.fU prr 

An, I tlcfliro ynii wnnid In* tn uivn rm r ll i -f 

Qnuflliom; whon 1 hnvfi firH Inlil ynn, iljfil 11<' d U u^r-^) 

tliu Yunra 1-140^ niid 14(K)* 

"L WhctlifT Hu wIkj IK nf rin < * 7 Wdin', 

may nnvkv, it nvct in Itu^I I'li^ n-l, find ihf Ji ^ /if ^*t 

ObHL'rvnllun of siicli nmniijii A r- 

*^H, Wlictllitr IIcj wiin Itrm nnt nn U'*'"!! N ij 

Tollow, may kuup IiLh I'VlkiWTikip l!<o* k" ! « Jiin 

ol Hint, or much Rri.nlrr Ynhirif 

"IIL Wliolhur Ho whu i» n^^tnnUy jK'vr^fn il f*f ?i»a TfitrA^, <i4 AVj f%iurn!v ^,rr 
An. wi Mmioy, And TliiriR« s;ii ««3'\ nir^y Jy »i| nn 

prcKijiniilitni, thnt VI T ikw^ ih nni tiuMll* wk?al V 1 . w -ut, wLi u 
BULulo WA» miido.*’ 

Bishop Ucclwoocl fnuml nn dilBoiiUy in roining U* a nnji^/alivp answer 
on the first two qucHtiims. {)iily tho third iiiunitimi dif^i^irU^d lln^ Hi*fliop 
nnc] in tea's U us: 

"Your Third niitl IaaI Quof^limi wdl n»nl rnr- Pr'jiu^ pii.d y^n mnj^* 
Patience, Ijcforo wo comci in llm t^jiirUvinoi; (f wo r.iu torjv^’ hi o?iV *;i!l}v 
fa dory Olio at liwit. Tlio Qnordioii WMiild oorlJsiidy in^u! uu if \\ jo 

asked in grosw, U'/i^lhff he uhn /w^ Vi /Vmfjd# |wr ,^n, 
has fiQl Vf Wlion a PoumI le*, in ImMi ^sind lia«i is p»i ^ y ini-^io 
GOO WarR) XK 0 , Uut a« ycni liflv« cpmUlkd it, n l.trvjj iUn M iu^n 

it will require both a go<H! CakhUI, ami n prrUy d^* wir wi r a 

absolutely, niid to your PiiriH>H?; wlurli in I liSit’ a / iiiuw, i^f wbra 
Vnlue you nmy now hold tin rviluU», with aafi^y l^i vn^ir ^ h\rh 

charged with the Obinervatioii of Umt v?irniv tv \\,x^ 5 , lluivdiip 

of Olio who htis an rj^iUito nf Iiilii'riliirn*^*, nr a r*i«i mt f" nr V L 

per An. A bettor I own, you ndgldrrt«ily h^vr M-a, a. imy U\ 

yon could not so easily )mvu found Oihn wbn bnib m h-iv. |^ 
more Obscrvfllloiw on tliu Pricu nf (/nni, and nilu r ^ r.i Mh had 

TiincB, tliftti 1 Imvu done, aw you will | trn ivi^ by n *^idu^K, b.i ji b ih j aH.i 
that, for ought I know, my Hiligc iirn inny rnnku you Ann- nd**^ f* j wbrtl n.ad 
of Judgment may he funnel in uits Aurl 1 do iml ^?iy lu V>^hay ?\nd 
Ostentation of my Lahnuri hut hi rriuN* williMiit a fihrar *rf Kiiii-iOt dj^,^ 
in thcflo Maiterfl, Iho Iw'ist CoauiNt in lln^ World can r ^!)!li^v^♦ r ynnr 
Quofltlon fliaiAfftclorlly. ,.. " 

Tho Bishop need not Imvc m dij^purup^cd bin nwn *^raMiiHlry/' for 
after a few remarks about the *^K<irKl mkx*, in llu- f tiditoi ^u nl 

AiTftirs'’ lliat niny conio fnnu '^(Nillcrlimif^ *>f mo au *J hinvi'. as (In* 
Price of Wheal, and OaUs, of Puiiltry, riinl mioIi lihr rrovihiniif^,*’ ho 
nr^cfl the case in a nmnnor that would ilo [u an Kvoiuuoio 
tician a century later. 

I do ndirm Llji*n, with tliu burit Jtiilgiinuit I liuvi*, I i'-) T" 

Aimded, Unit, nltho' you nre nclimlly pON^^j^cd of nn iMaw of VI iNuiich 
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])cr An. as Money and Things go now, you may »afdy trike tlmt Oatli^ U])oa 
Presumption tlmt YI Pound now, ift not worth wliafc V 1. was then, when tlmt 
Statute woii first made. Pocause whoever Bweara, ewenrs to Things that arc 
fligniGcd by Words, and nob to 7n€re words. When n Word BignlfiCH the Bnjno 
thing now in ciTect, which it eignificd 200 Years ngo, then he who swears to 
WordSf swears to the Things they signific; but when ciifTcrcnt Things are 
flignified by the Bnmo Word, then ho who kiiowa that clifTercnce of Things, 
crinnoL help giving such Word, its proper nud intended NigninciLtion. A 
Pound (for instance) will buy citlior more, or hiHS Corn (talui It which way 
you wjU) noWf than it would in //, VI I Henry the Six tidal time. A Pound 
is therefore of more or loss Value now, than it was Ihm; and tlic Value of 
a Pound is truly a Z^ound, and not its mere iVanic. It is not thcr(5foro Urn smiie 
Thing now, that it was in /Z. VI. time.” 

Ilavo the siiececcling 238 years l)rought a better stntemciib of the 
concept of the purchasing power of money? The author even had a clear 
notion of a regimen of commodities to bo used in n weighted aggregative 
index number: 

“Ajid tlmt I may very houcBtly have Itcgard to the Value of V /, 2G0 Yoars 
ago, will, I holiove, appear eviduiib from what I am going to say; That the 
Founder intended tlio flame Ease, and Favour to Those who Bhould livo in his 
CoUego 200 Years after his Decease, ao to Thos (3 wlio lived in his own Time. 
Now, they wJm lived in his Time, might, with V Poundn, purchnflo ho muoli 
Bread, ho much Drink, Meat, Cloth, Firing, Books, and oUujr NocunJinrlcH, 
or Convenlencica: I know not exactly how much, nor is it material; I only 
flay, thu Founder intended I migla keep such an Nstate, ns would sufTico to 
procure the «amc Bread, Drink, Meat, Cloth, Books, &c. as the oLlmr might 
have j)rooured for V PouiidH, 200 YeaiH ago, But this I cannot posHihly do 
with VI Pounds, ns Things go now, nor it may he, with four Lillies as inncli, 

. . . This Is a clear X'roof, tlmt Itegard both may and numt ho had, to the 
different Value of Money, at didorenb Tiimm; and tliat tlio Founder'H visible 
Intention is bettor niiBwered by auch Regard, limn it would be by a strict and 
obstinate Adlicronco to the baro Letter of the Statu to.” 

The author goes on to way that it is not hm purpose to dctcrjnino 
exactly to wlmbnxlenfc prieoH have risen, or the value of the pound Ima 
changed; “I leave that to Others, to gather from the particular Ac¬ 
counts of Things that I shall give them, from our Historians.” But lie 
wan sure LluiL although a pound in the time of Henry the Sixtli might 
Im wortli 4 or 5, or more, in his own lime, it was certainly nob worili 20 
or 30. This leads to the chapters on the dGHcrii)tion of gold and nilvor 
coins, to serve as the l)asis of the prices ciuoted in the Bucceeding clmp- 
ter.s. Cluijder IV. the Brice of Corn, ami other (lommoclitie.s, for 
GOO Year.s Lust Past.” is introduced as follows; 

"Having (linpatchM, witli wUiil exactness I could, the CliiipLeni nf Afonq/fi, 

I am now come to speak to tiui Price of Corn and other Commotlitica; which 
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la (wlicUior you know il, or mil) llie nmlirsl wny lo )!*>1ulii!n nl yoiif 
Third, nnd moul niali'rial Qm-Klinn. Fitr, yo'ir i« M kn«w im nr ar oa 

you cna) wliol EnUilo or Biimifi of MofO'y wi» !«* njMal, or 

cquivnicnl IoTIm Pounds (lei Uial fwi llic mifiiMWtfil Surnrn m 11)51 
In tU« R«lRn of KiuR If. VF. ami Ui iKif Kml, your Csur' »ri!l !»■', lo (io.l .mi 
liow miicli ilfinf, Drink, or CMh, iniRlil If (o)rrlm*<<l oil //. VI liojiii, nilh 
V 1. and then to fiiul onl, liow iiiurh of llie M.iic'y rtn» ruTioin, vr,u |,i< re. 
quired lo piircliDflo the aaino qiinnlily of IhfOr, anrj Cl^jh. For, rinrfi 

Money i* of no oilier use, limn iw il if* lli'f 'nmiR willi wl<lr^ m#* nurrliaxe ibo 
NcccBsariCH and Ginwcnivnr'ii» nf I rife, 'li'i ovi'lvnl, ilia’ll if V I, in ff, Y|. 
Diiyu, would [iiirchion! ft Qunrlrrv/ Whtal, d //odJiRfOd* «/ jsnd ft }*«jrd« 
of Cloth, lie wlio llii'li had V /. In liia I'litrlu l, was fsiii as n'')i a Man aa lit; 
who lina now XX I. if W'illi llml XX f. lie ran |oitfloi.»" iio lO'Oo W'hroi, Hm, 
or Cloth, limn llm ollinr. I <l« mil loran liciii’lty i.i ll-is lo U- iF.i' 

porllon; but u«o Ibis InHlniiru lo lei you w r, lloal lliin i« Uir lOojw ii n wny rtf 
coming lo know, whul l;><lnl<! la now nnwl answerable, |.j an af V /, 

per An. 250 Yonra iigti. ,,. " 

CmiouBly enough, Ihis cimrcpt of la Wf>iB;|ile(l BRRfnr'nolivc iinlox num¬ 
ber, aa wc call il, Imcainc IrnnsinuU-il inUi nn uvrrHRe-i>f-rrhtlivifl in 
Chapter VI, the Coiichmion, for llip price inerrn-xe r«f rjirli of pcvmil 
saroplo cominoclillcH m eHlimnU'd ninl n iiu mU’iI nver^Kr' inhr<ii, lo ex¬ 
press the Aiithor'B final judgment. After exiiliiiiiiiiK (In* din’r-rtutr'c in ilic 
number of shillings in a pound liolwpcn the two dulcKi imilt-r diwuMion, 
the Bishop auggeals that iimlciul of InhiiiK one imrlinilar year iil Uie 
present nnd 250 years curlier, “you tnnsl Uike Ihe I'rii e «'f e\ rry f-Hrliru- 
lar Commodity, for aa many Ycuni lui you ran (1*0, if you Imvi' llmrii) 
and put them nil together; nnd then find nut Um rr.inuP'ii Brin': iiiul 
afterwards take the same Course uilli the I’rii'c »*f ‘riiiiig«, for iIicmc 
last 20 Years; and acc what rro]i(>rli<m they will U nr to nm* niuUhi r; 
for that Proportion is to he your little nnd fbiide." 'no* i-ucfi'r iling piira- 
graph illualratca tlic metluHl by OHauining eerlnin prircA fnr whimi, >mls, 
beans, ale, and cloth (“Cootl Chth, euicli ms wim to servi- ihc 1k*hI linfUrt 
in your t/niucrsify, for his Gown’’); hut from the hiuguage il appears 
that the Bishop believed that he Wim using n.'rtlislic iiritrs. Wheal, uals 
and beatia w'crc found to liave increased in price l»y alnrtil eix-fwlil over 
the 200 years. “But you must not cx|K'cI llml every Thing w ill annwer 
thus exactly,” Ale atui cloth had risen ulunit five-fuld in ptii’i*', nnd he 
had good reoson to Ixilicvc that 2(K) years e/irlii-r hcf-f, mu linn, |.ai-i.n 
"nnd other common Provisions of Life, were nix limi a nsi vheup." The 
final statement is ns follows: 

"Anti thoreforo I can see no Came, why 2», or 30 f, pn .to, i,.iw be 
nCoountod, n groalcr ISaUU*, limn V /. wiw lifiO'Uifum, Ih-Iw IH M if), an.) 
HOO.* 
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Two other applications of the price index concept arc mentioned by 
the author, the first of which can certainly be regarded as important— 
in fact ft matter of life and death I He quotes Sir IL S'pclman, "a very 
competent Judge and Aestimator of these Matters,” to the effect that 
the laws providing capital punishment for conviction for theft of things 
to the value of twelve ponco were being invoked to condemn to death 
many people whoso crime would not have brought the death penalty 
when the laws were enacted many years earlier. Finally, and to end up 
on a less gruesome note, the cause of democracy was served by inllatlon, 
when the qualification for “A'lcdors of Parliament-Men” Imd been set 
years before at the possession of lands or tenements to the yearly viiliio 
of 40 shillings. 

"Wliothcr tho LcglDlntivo Power, in 1430, did well, and wluely, in reducing 
the Number of Elcctont to each ns wore worth 40 a, per Annum, (which cub 
oil many hundred lliouaand voices, and conscquonlly many occMicins of 
Tumults and Disorders) is not to be doubted over-much; nor yet Is to be 
OYcr-confuIcnlly afTirtned, because if it had been so wise and useful an 
Ordinance, it would have still been kept up, in its due Proportion, nccordiiig 
to the difTcrciico of Times; altho' the Changes of such Moment aru not to be 
frequently and lightly made. But in these AfTnirs, it is not fit for private 
People to ineddlc.” 

A final bit of advice was given by the Bishop to his correspondent: 

"... And that is, That if ever you design to liikc Orders, and obtain any 
Redory, Vtcam^c, or higher in the Gliurcli, you he, above all Tilings, 
careful, how you make any Composition or Agreement, for any long Spuco 
of Years, to receive a cortuin Price of Money, for the Corn that is duo to 
you, alllio' for the jireKent it may ncem a teinpliiig Bargain, and a profitablo 
Exchange, and rid yon of aomo Trouble, You know not what Time may bring 
forth, nor what great AltoralioiiB may happen, nor what great Misehiefs 
you, unwittingly, may do your Successors.... * 



A METHOD OF MAKING ACTUMUAK I-STIMATV.H V(,Hl 
A COMFULSOKY HEALTH IN'.STHtANCE SYSTEM 

Tack A. I>nDn, ThJK, 

i'ro/fppor n/ 

Vnittrt^H)f r»/ 

T he actuftrinl Ijjww of a rtint|MilM»ry limlili iii-xirntHr f-jvlr ui, in Jhc 
final analysis, resolves Usott inU> a limMeni nf J*ijnj«lp, firillinn'lir. 
Obviously enough money luiisl be niTvd under ibe (ii ^iny for 

the bonefilH provided Ihcreh}', ami briiefils proviThd HinU r Hsr 
cannot be more cslcnsivo ntid coniplefo (linn r;u( l«n 
by Iho health inmirnnre fund. In otlier v.iird‘>, iiti-lcr jn <•**m)^lll^■^<ry 
beallli inauranco plan, w» nilli all oilier things, it is iii 0 |n»?sil»h< to p».l 
something for nothing, and all (hat i» offered iiiidi'r the iiiMiraiin' sy»- 
iem must bo paid for out of funds eolhmUsl from the emphiyrr, em¬ 
ployee, and/or the government. 

There arc at least two mutronehea to l)m priiMrm of detrrmiiiing llm 
costs of Eucli a B)'leni, One may fix arbilmrily (hr maxinniin nimnnil uf 
contributions that it appenre wiac or jirudciit to lr‘\'y for (hi* I'bm, 
thereby determining the amount of money wiili w hmli w-rvirr n nui Isj 
bought. Or one may clelcrmiuo vvlnd nppcnnK lii hr llm ininimnni iinin- 
ber of basic services xvhich slmuld be v>Ifeml in bringing bns<ir nn dii nl 
care to the desired nuin))cr of imraoim, and tlirii, «i|mii » hn^-is of 
needed services, determine how iiuirli niuney will bn m'rdrd lii (my a 
fair price for those services. In either case it will l«i ru‘<-ewniry in 
mato na accurately as powtilde (a) the total or js-r I’njiiin ruf^i of hit^ir 
sovviceff to he afforded, and (h) the total or per rtnain ('(tiUiihuihm 
which will bo collected to pay for the fserviccs. 

Since compviisory health inKuranro is a. new fudd to the (•r^iiih* tif (hli 
country, both the amount of the levy which cun anil elunild be collm-led 
for the support of the sclicmc niid ilic immhpr and nniufo fd what urn 
to be cnilcd “basic medical serviecs” afforded to the. Inrge^l pov-ihle 
number of the popuhilion arc innllcrs llml, for tin* wniil of n beller 
method, must be more or less arbitrarily dcliTmintd. Hut a tib.irl i“i 
needed, and enouRh serviccH under the health insuranci! system miit.1 be 
offered to meet at least the basic ncedn of Iho largest immb(<r of (n'rt’onH 
possible at a coat limt will not be over-burdenstinu! for tlie individiml, 
the omiiloyer, or the Htiile or federal govcriimciit. (Hlmtvsii e, the plau 
cannot survive, and cannot bo iniilrumeiilul in meeting Uh* bioiii' dif- 
ficullicB oncouiilercd under the ayhlem of (he (.riva«v (irmiin- i.f 
medicine. 
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Several compulHory hcaUh insiirance plans wore presented at the 
last session of the California State Legislature. Even thoiigli no coin- 
prehensivo compulsory program lias yet been envoked in any Htato of 
this country, in view of the widespread application of the hcaltli in- 
suranCG principle in most other advanced nations of the world, and the 
imminence of its application citlicr upon a state-wide or nation-wide 
basis in the United States, it flcems clear that a sober and sound a}j- 
proacli to the actuarial basis of a compulsory plan is already long ])ast 
due. Inasmuch as an American plan for coiniiulsory health infill ranee 
must not only profit from tlio mistakes that have licen made in lids 
form of social insuranco abroad, but also must bo Iniscd upon American 
experience and American standards, an approach to tins problem has 
little to build upon as a foundation, 

In order that a start may bo made in tlio development of a sound 
actuarial basis for such a program, this discussion will suggest a inolhod 
of approaching an answer to the question as to liow much rcvciuio 
could be expected to avtse under a compulsory health inauraucc program 
such as that proposed for California by Governor Warren early in 1946, 
Several basic computations arc involved in the development of a 
method: 

1, Kfltimntcg of tnxablo oarninga iiiicl tax revenues, by yeara, during tlio 
ten-yonr period 1038^10-17. 

2. Kbliinatca of tlic number of omplo^cca niid dcjiondonls in Cnlifornla who 
would be brought witbiii tlio scope of tlio system nullined in the Govar* 
nor^H proposal (AnHembly hill No. 800), or its counterpart, nml Introducod 
in the Stale XiCgiHlaUiro early In 1045. 

a, Katiinatca of the nvornge por capita ninounta mado available tlirough tho 
lionltli insuranco fund and covering, in tho main, approxiinntcly tho same 
working groups as aro now covered under the unemployment compensa¬ 
tion law, but Including dopondent family mombora as well, 

A fourth basic compulation, that of estimating tlio amount of 
medical benefits that can be olTcrcd under the proposed program, can¬ 
not bo prc.scnlcd witliin the confines of this paper. 

I 

Esliinalca oj Taxable Earniiiga and Tax Revemies in California 

1D38-1047 

Any Bound aiiproacli to tho actuarial baRis of a compulsory health 
insuj'ancc BysLcin mimt start with tho Federal CenHUH of Population and 
an analysiH of tlic iiumbcrH of pciHoiiH gainfully oni])loyed. Tiie mimlier, 
sex and ago diHtribiiiion of employccB to bo covered by tlio compulHory 
proviflions of a hcaltli iuBuranco plan for California have been made as 
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of January Ij 1035' and for 1037,> aiul llir nirOiml ficvolnj^'d nwl ml 
1)0 rc-proscnled here. IL will, uf rotiri'f'. I^r urn Ks.iry U( j-rojrrl jinjtiila- 
tioii treiiclH for the Hlntc from tin* ljU'l Irilrtnl (. priiii'il 

for Hcvcriil yearn, Ah initiratcd Itf'lfw in IslJr *1, tld'-- f‘!iidy }»r<dm'l,H 
thcfle trends throuRh (lie year 1017, i»t. wlti-h fshjr* it s - r!.tiri«jtrd Jhc 
state will have n lolal populHtinri of «,*14n,l«K» r» M*l(-tit ch ilinii«. 

Tlic age and sex dintriliution of (Iio popiilaliMH. niol site notjnr w- 
cupntional groupings of llic jiojailnlion nrc i rwly olihiinsildo frttin llm 
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Federal Cenaus reporla, and retpsire little if any iviljuslmoats to provids* 
cstiraates for the several yearn in the iinmrdiate fuluro fi<r wJio-li rlnl:i 
must bo made available. 

Thus Ibo laimrliing point in our study is rcarbotl isi ritmifctiun witU 
estimating tbc amounts t)f lolal and per rnpilit iiinmit* |i?tyiiii’iii>', fur 
Bueli data must serve as n basis for eslimaf ing llm lolal rvvt imt-s ('♦ In* 
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vaisccl by means of a spocificd jniyroll tax schedule as stipulated in the 
health infiumnee proposal. Tlie.se data are presented in Table 1, ivlmrc 
phenomenal increases in total income pnymcnls received by persons 
in California between 103S and 1947 are indicated. In 1935, for 
instance, pei'soiiB in California received an estimated total income of 
$3,952,000,000, or an average per capita income, after federal taxes, of 
$650. By 1043 this estimated total had increased to over $12,000,- 
000,000, or to an average after federal taxes of $1,336 per cai)ita. 

TABLE 2 

mJMDEU OF EMPLOYEES WHO IIEOBIVED WAGES IN COVERED EMPI.OYMENT 
CUNEMPLOYMEN'r INBUIIANCE ACT) DDUINQ J 040 AND 1043 IN CAUVOIINIA 


Number nnd PcrconlnRa of Einploycca 


WRflO Group 

1040 

L043* 

Number 
(In 000a) 

Por Coni 

Number 
(fn OOOfl) 

Per Cont 

S 1 to IDD 


20.4 

D2B 

24.4 

200 lo 300 


11.0 

400 

10.5 

400 lo fiOD 


8.0 

260 

7,4 

000 lo 700 


O.fi 


5.5 

800 lo 000 


0.0 


4.8 

1000 lo UOO 

311 

15.6 


10.8 

1500 lo 1000 

202 

)2.0 

344 

0.0 

2000 lo 2400 

144 

0,0 

20 L 

7.0 

2SOO to 2000 

57 

2.7 

270 

7.3 

3000 and over 

04 

2.0 

, 483 

12.7 

3000 lo aooot 

10 


145 

3.8 

4000 lo 40001 

10 


145 

3.8 

5000 and overt 

20 


103 

5,1 

Tolftl 

2,101 

1 100. 

3,800 

1 100. 


• Wegos for 1043 repTcncnt wagcA until Bcptcinijor 10, 1043, 
i EAlimnlecI clUlrlbiiMon mndo by tho C.E.S.C. 

Souncu: Iteporl of Actinties for iho Monih o/ January/, Caljfoinfn EmpToymonl SlabiJlBA- 

(lon Coinmiltco. 

The most reliable estimates obtainable indicate that in 1040 total 
‘'salaries and wages” in California approximated some $3,380,000,000; 
by 1943 they had exceeded $7,800,000,000; and in 1944 they had 
reached a peak of some $8,350,000,000, This latter year the estimated 
average jjcr capita income payments (after federal taxes) also reached 
a peak of $1,405. Thc.se data also suggest that while the total ‘‘wages 
and salaries” in California had passed their peak with tho pasHiiig of 
1944, fltill, by 1047 they ^Yill probably approach an cHlimalcil total of 
some $5,050,000,000, an amount 06 per cent above the level attained 
in 1040. 
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3 per cent payroll tax would be levied for the health iiiHurance fund. 
These GsliniEites arc prcRentcd below in Table 3. CoiiBideriible light on 
the situation, it will be observed, has been shed by the records of the 
California Employment Stabilization Commission, which since 1938, 
has been collecting a payroll tax on all taxable wages and salaries in 
covered industries. By projecting the same rclationshipfl ^vbieh tlie 
taxable wagea (subject to the Galifoniia Unemployment lusurauce 
Act) have borne to those total salaries and wages (Table 1) and total 
wages in covered employment (Table 3), it is posnible to c.stinmte the 
probable revenues flowing into a health insurance fund year by year for 
the ten-year period 1938-1047. Under the proposed 3 per cent com- 
pulsoj’y health insurance payroll tax, a fund of probably more tlian 
$100,000,000 a year for the next three years could be anticipated for 
ilio purcliaso of medical care under the program. 

II 

ISslinialcs oj die ATinnber of Employees and Dt^pendenis in California 
)Vho Would be Brought Wtlhui Ihc Scope of 
ihc Cover nor*a Proposal 

Obviously the number of workers included in any health insurance 
measure will depend upon the income levels established and the extent 
and nature of specific exemptions that arc made. The most reliable 
estimates of the number of wage cavnevs throughout the state re¬ 
ceiving earnings of varying amounts have been made by the Km))loy- 
incnb Sialhlization Commission, and are set forth above in Table 2. 
As previously noted, many thousands of wage earners working in 
covered cmployjncnt in California make uncmplo 3 unont inHurunee tax 
contributions during the course of the year even though their total 
earnings during the year do not reach $300, the amount stipulated 
under the Act as being the minimum earnings wliicli qualify a worker 
to receive benefits under the program. 

The figures presented in Table 4 set forth, upon a basis of the records 
of the California Department of Employment, the actual monthly 
average of the total number of workers in covoYcd em])lo 3 m\eut coming 
within the scope of the Unemployment Insurance Act of California, and 
the eatimalcd numljcr of workcra in covered iiidustvieH with wage 
credits in cxcgbh of $300 (and who arc, therefore, eligililo for the receipt 
of iniemi)loymoni compeiisation benefits imclcr the Oiilifornia AcL) 
for the years 1938-44 inehiHive; and cstinuitcB for the years 1945-47. 
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TJig Governor'a bill specifically included ns dependents only tlioHc 
who are legally dependent spouRca or dependent children under the 
ago of eighteen (Administration Bill #800). It i.s extremely difiicult to 
arrive at a fair estimate of what these numbers will he per insured 
worker. Perhaps the simplest and moat logical approach to this calcula¬ 
tion, at leaat until more accurate cfltimatca can bo made, would bo to 
base the computations upon the ratios tliat prevailed at the lime of tlio 
last Federal Census (19d0). 


TABLE 6 

COMPUTATION OF UAlTO OF AVEUAGE NUMIlEn OF PERSONS NOT GAINFULLY 
EMPLOYED TO AVEUAQE NUMIJEIl OF PERSONS GAINFULLY EMPLOYED 
IN CAIAFORNIA, 1038-1047 


Yeiir 

Totnl Clvilinn 
Population 
(UcBiUont) 

ToUl GnlnlMlly 1 
Employed (Covorod 
and NoD'Covorcd 
Employ) 
(Civilian) 

Tofal No. 

Not Gaiii' 
fully 

Employed 

Ratio of No. 

Noir Employed 
to No. Em ploy Oil 

1088 

0.087,000 

2,311,000 

4,340,000 

l.Bfl 


0,755,000 

2,304,000 

4,301,000 

1.80 


0,843,000 

2,482.000 

4.301,000 

1.70 

IDdI 

7,000,000 

2,730,000 

4,270,000 

1.60 

1042 

7,315,000 

D,072.000 

4,243,000 

1,30 

1048 

7,610.000 

3,404.000 

4,(MO,000 

1.17 

lD4i 

7,880,000 

3,418,000 

4,432,000 

1.20 

1045 

8,004,000 

3,302,000 

4,042,000 

1.38 

1045 

8,343,000 

3,170,000 

6,173,000 

1.03 

1047 

8,440,000 

2,076,000 

5,405,000 

1.84 


Thcao census dala show that in 1940 out of a total civilian population 
of 0,843,000 a total of 2,482,000 persons B’cro gainfully omjfioyod in 
both covered and non-covered employment throughout the State. This 
meant that there wore at that time a total of 4,301,000 who wore not 
gainfully cmployeth In other words, for every iicrson gainfully em¬ 
ployed at that time there was an average of 1.70 jicrsons not gainfully 
employed. ProjeoLing this relationship analysis through each year of 
the period (1938’47), we find that the ratio of the persons not gain¬ 
fully employed to the total number gainfully employed diminishccl from 
1938 steadily down to 1043, ami uxmn a bnsi.s of ouv estimates for the 
coming years ^YiU increase again to the point ^Yhorcby at 1947 it ^Yill 
have regained its pre-war level of approximately 1 to 1.84. 

Another molhod of estimating the total nvunbev of dcpeiulentg to bo 
included under tlio Governor’s proposal is to examine tlie rolationHlii]) 
between the number of persouB gainfully cmyiloycd (iu both covered 
and non-covoi'cd oiniiloymcni) and the total number of familicH 
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includo only the legal spouse and dependent cliildrcn under tho age of 
18 years.* 

TABLE 7 


estimated AVERAOE number OV DEl»ENDENTB (LEGALLY DEPENDENT SPOUSE 
AND DEPENDENT CHILDUEN) PER QAINEULLY EMPLOYED WOUKEIl IN 
CALIFOnNIA. 1038-1047 


Year 

Total Population 
(llCBidonl 

Civilian) 

Total 

OnlnfuDy 

Employed 

Avoti No. of Dcpriidcitls per 
Employed Worker 

(Dep. spouHo and dcp. 
ohlldreu under 18) (AD #800) 

1038 

0,087,000 

2,341,000 

1.01 

1030 

e,765|000 

2,304,000 

1,31 

1040 

0,843,000 

2,482,000 

1,24 

1011 

7,000.000 

2,730,000 

1.10 

1042 

7,315,000 

3.072,000 

.07 

1043 

7,610,000 

3,404,000 

.82 

1044 

7.880,000 

3,448,000 

.01 

1045 

8,004,000 1 

3,302,000 

.07 

1040 

8,343,000 

3,170,000 

1.16 

1047 

8,440,000 

2,076,000 

1.30 


Tlio 19dO l^'cderal Census showed that out of tho total resident ci¬ 
vilian population of 6,843,000 iicraons in 1940, 2,482,000 were gainfully 
cmi)loyccl. Another 3,006,871 were reported ns married dependents nob 
gainfully employed and dependent children (not gainfully employed) 
under 18 yours of ngo. In other words, at the time of tho Inst Federal 
Census, there existed an average of 1.24 dependenia (as defined in lino 
with the provieione of Governor WarreiVa Bill) for each givinCully 
employed worker in California. 

It should be noted also that the year to year ratios have been cor¬ 
rected for the increases brought on by wartime eniploymcnl opportuni¬ 
ties which have hud the clTccl of (n) increasing the proportion of tlioso 
gainfully omplo 3 md, and (b) reducing the proportion of the numljcr of 
dependents. Both of these influences have had a considerable effect 
upon the amount of tax contributions into the proposed health insiir- 
ance fund, and the average amount per person available for medical 
benefits, 

( Aa provided for In Aclmlnlnlrfition Dill /800. 

■' Tho yenr lo yenr vnrintiona In this eoL of ralion Imvo been computed by InlcitiR Iho rnlioA of de^ 
poiidontH per employed worker dolormlned by the 1040 Fodernl CcnBiw (wlicii tbo rclulioiiflliip between 
Iho lolnl number not employed lo llio totnl number employed wim 170 lo 100) ao 100 cent (baoD 
year), and llien nOliiatinK each year lo n correH|>oiuUii(( rclulivo ratio. Tbun Oio link rolallvea bet^oino 
1038-100. 1030“100, 1040-100. 104J>81). 1042-78. 1043-00. 1014-73. 1010-78, 1040 03, nnd 1047"100, 
Tlum iba ratio of doiiandouta pnr worker In 1010 (1.24) bocornca ibo baao. and tlia acljunlcd ratios for 
1038 niD LOO pcT cent nf 1,24, elo. TTdn aiibwlment has Vhn cBcni of correeUnK (or Ibo uiiUBUaily 
cmplciymcnl Jovcls during tho peak war years of 1042-4fi and theroforo rcAulla in oonnorvallvo rnllior 
than Inflated (utimatcA relating to tlio fliio (per capita) of thn licallh iTunirance fund, 
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these clmngea mcaa variations in tlic average amount per beneficiary 
available for the purchase of health serviccB. The cstlmalccl per capita 
amount, for instance, which would be available under the general pro¬ 
visions of A.B. |800 increases from §16.76 in 1938 to $16.79 in 1940, 
$25.49 in 1042, and $33.70 in 1944; it then declines to $22.66 in 1047. 

In a critical analysis of these basic estimates it is important to 
examine the averages that may he expected to maintain throughout 
the entire ten-year period. Especially does this appear to he advisable, 
since wartime conditions have already brought, and promise to coii- 
tinuo to bring, basic changes in the economy of the Slate. Avorngos 
over the full period 1938-1947 tend to minimize bolii the highs and the 
lows of individual years within the period, and present steadier esti¬ 
mates over a longer period of time, lienee such averages might he ex¬ 
pected to indicate with reasonable conservatism the conditions in gen¬ 
eral to bo experienced during the starting years of a compulsory health 
insurance plan. 

These ten-year averages, sot forth in Table 8 above, suggest with 
reasonable certainty that amounts in the hcallli insiii'ance fund will 
average, year in and out for the coming few years, substantially more 
than $20 per annum per insured person. In fact the yearly estimates 
(demonstrated previously to have been made conservatively) during 
1946,1940 and 1947, fall as low as $20.47 during one year only, and 
average over the ten-year period more than $23.00 per capita per year. 

The-se data indicate strongly that for the iinmcdiiitc years ahead 
there should be available within the HcaUli Insurance Fuiul under the 
Governor's propo.sal some $20-$22 per beneficiary (botli worker and 
dependent) for the extension of medical benefits as provided under the 
plan, and oxcluslvo of administrative costs, 
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ill the solution, If (9) ib used, no preliminary fit is needed Binco the 
'Weights are in terms of tho observed rates Tlie use of (9) therefore 
conBiclerably simplifiea tho solution. 

It is however pertinent to determine tho relative precision of tho 
approximation of chi-squaro (3) utilized in tho probit method and (0) 



FIG, 1 . U\TlOa OP THE liOQlT ^ND TUB rUOniT A.PPROXIMA.TIONe TO THE EX^CT 
VALUES OF Cril-SQUARE TOR Q -0.2 AND VAIUOUB VALUEB QV g -Q. 

used in the logit mciliod. This has been attempted by taking some 
specific hypoilietical examples and aritlimetically cvalimtiiig tho com¬ 
parison, In Table 1 is shown for a range'of- q and Q, where q is conshl- 
ored the observed and Q tho covrcsponcling "true" ratCj a eompnviHon 
of each approximation witli the actual chi-Hquarc. In Figure 1 is sliown 
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SEDLEY ANTHONY CUDMOHE 1878-1945 


T he death of Dr. S. A* Cudmore, head of the Dominion Bureau of 
Statistics in. Canada on October 17th while attending tlic United 
Nations Food and Agricultural Conference in Quebec City brought to a 
close the career of a distinguished Canadian public aervant. Ilia mastery 
of a Avide range of economic, statistical and historical knowledge en¬ 
abled him to carry out the responsibilities of Dominion Statistician 
with groat success. He came to the Bureau shortly after its forinatian 
in 1918 and contributed much to its rapid development in the various 
positions lie held since that time. 

He was born in County Cork, Ireland, on November 27Lh 1878, and 
was a son of the late Thomas Gardiner Cudmore and his wife Caroline 
Ellen Sedley. His maternal grandfather was Lieutenant Colonel 
Anthony G. Sedley, a veteran of the Pciunsular Wars and Waterloo 
and Governor of the Military Knights of Windsor. 

Emigrating to Canada when he Avas nine he lived in’ Brampton, 
Ontario, wliere he obtained his public and secondary ccliication, His 
insatiable thirst for education had to bo satisfied the hard Avay, his 
high school career having been interrupted by pecuniary difficulties 
Avhich led him to become a pi’intcrs' apprentice at the age of thirteen. 
After resuming his studies ho matriculated and won the Prince of 
Wales Scholarship for general proficiency, 

In 1899 he entered the University of Toronto utilizing his training 
as a compositor during vacations and for shorter periods to earn the 
funds necessary to defray his expenses, In lOOB he graduated with liigh 
honours having won a gold medal in. cln.ssics and the Flavclle Travelling 
Scholar.'jhip. At Wadham College, Oxford, he studied Iji.sLory and eco- 
noniics, taking his B.A, degree and later his M.A, at that Univorsity. 

Inclined towards journalism he did some work for London papers 
and was, for a time, a sub-editor on the Lofidon Slaiidcird. In 1908 ho 
returned to Canada to become instructor in Political Economy at the 
University of Toronto. By 1917 ho had become assistant-professor. 

In 1019 he gave up teaching to take the post of Chief of Education 
Statistics in the recently created Dominion Bureau of Statistics. From 
1920-1935 ho Avas chief of General Statistics and Editor of the Canada 
Year Book. Under his leadership ilic latter steadily gained in compre¬ 
hensiveness and quality until it ranked among llio best in Uie world, 
TJie good reputation AvJiich the Bureau of Statistics had won in other 
countries led to an invitation from Palestine for Romooac to assist them 
in the organization of their HtatiBtics, Dr. Cudmore was loaned for tins 
purpose in 1035. He remained there as Govcrnmcnb Statistician until 
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1938 and organized their Bureau o( Statistics. Hclurning tn ('niKiflu in 

1939 he was appointed Assistant Dominion Slntislicinn and in lfH2, 
on the retirement of Dr. E. IL Coats, he became Domininn filjiliH- 
tician. 

Less than a year ago his Alma Mater recogniziiiR his disliiigiiidirtl 
services, oonferjcd on him the honorary degree of Diirtor nf I jiw.*!. 

He was the author of two hooks: A Ilislor]/ of Ik. H'orl*/';! fVm- 
mm and Applied Economts and contributed many nrlidi'H W 
economic journals and other puhlicaliona, 

Hia extensive statistical and economic knowledge led to liis nllend- 
ance as economic adviser to the Canadian Oovcrnineiil delcgalirin at 
the Imperial Conference in London in 1920. lie was a itkiiiiIkt of tlii’! 
American Statistical Association, and served as Awilstnnt 'rrrafnirer 
for Canada from 1941 until bis death. He was a felloyv of llm Uoyal 
Economic Society, the Royal Statistical Society and tlio Royal 
Society of Canada; one of the three Canadian members of tim fiilenm* 
tlonal Institute of Statistics and a member of the Inter Anu'ricnii .Sin* 
tistical Institute. He had nccoptod tho position of Serrelary am) Vicr*. 
President of the Canadian Political Science AsHOcialion and Pn-Mik-rit 
of the Professional Institute of the Civil Service of C*nnftdn. 

In 1910 he married Phoebe Amelia Magee. His aou w'rvrd 
with the Royal Canadian Artillery iu Europe. 
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BTATLSn UOTEL, CLEVELAND, OHIO 


PROGRAM 

Thursday, January ^4, l9/fd 
—9:30 A.M.— 

FAcrrona DETEHMiNma Ikcome A^^l> ISwri^oYMENT 
(Witli EcorioiucLric Society) 

Clmirman; Arlluir Smithies, DurcAu o{ tho Budget 

A Macro-Economic Systcnit C/. 5- A,f 1920-l9Ji.l 
LawrencG 11, Klciiii Follow ol the Social Scionco Kceenreh Council 
InicrTclaiionshi'p^ of Income^ Fneca, Demand and Prodnziion at Full Employ^ 
merit 

VV. D. lOvauB, Jerome Cornrield, Mnrvin Iloffonberg, Bureau of Labor Sta- 
tiBlicfl 


—2:30 

pACYOim Detbiimjmiwcj Incomb and FMri,oYMEKT (co 7 dir>i<cd) 

(With Ecoiiomotrio Society) 

Chairman: 0 . Ci Sthie, Bureau of Agriouliural Econoniica 

Some Factors Ooverniny the Length of Inventory Cycles 

Lloyd U- MoLzlori Board of Governors of tho Federal llesorvo System 
'iVic RcloHonship between tho Rate of Savings and National 
Wladimir Woytinsky, Social Security Board 
Cajnial Expansion and Full Employment 
Evsey D. Domar, Board of Governors of tho Federal Keservo System 

Lauoh Foucb Mbarurement and National Employa\ent Policy 
Chairmani Howard B. Myers, Committee for Economic Dovelopmcnb 

Objeeliveat Uses and Types of Labor Force Data in Relation to Ecorwviic Policy 
liOiiia J. DucofT and Margaret Jnrmau Ilagoodi Bureau of A.KricuUural Koo- 
noniics 

Recent Experience with Problems of Mcaauromcrit 
Ciurlrudo Bancroft and Emmett ll, Woloh, Ilurcnu of the Ooiisun 
A'^ap^o|/mcN^ SlaiUlics in the Planning of a Full /i7iu7)fO[/incid Program 

Charles Blewart, Bureau of Labor SUtisticH, and Loring Wood, Bureau of 
the Budget 
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Ntjmbhioal Soltjtioi^ of Keqre&sion EquATioKa 
(With Institute of Mathomntical SLAliBlica) 

Chairman; W, EdwnrdB DomiJig, Bureau of the BiidKcl 
A Machine for the Delenniiialion of Correlation flnd lUgrmim CorficiimU 
Guy Orcutfc, Massaohuaotis lualiUitc of Tccluiology 
A Square Root Method for Ihe Solution of Regremon ICquationB 

D. B, Duncaiij Boynl Aualrnlian Air Force 
Error Control in MoiriX' Caiciiifl/iort 

r. E. Satterthwnito, Aetna Life InBurniico Coiiii>nny 
The Compact Computation of CanoruVal CorrelaihnB 
P. S* Dwyer, University of Mioliigaii 

Friday, January 1040 
—0;30 A.M.— 

COWSUMER EXPBWDITDREfl AWZ) Sa\1UQB 
Chairman: Morris A. Copolnnd, Nnlional Bureau of Economic llcJU'errli 

ikfeflswrmff and Forecasting ConBumplion 
Frank Garholcl, Board of Govoniora of the Ecdcrnl Rci^ervc Hyalcm 
Estimating Post War 

George Katona, Bureau of AgriculUirM Economics 
Determinants of National Purchasing Poiccr 
Everett E. Hngon, Oflico of War MohilizAiion and Rcrorivcrjiinn 
DisouBsioD; Margaret G, Reid, Bureau of Human Nulrilion and Iluino Kct>' 
nomics 

Margaret Seattergood, American Fodoralion of Imlior 
Ubb3 of Btati 0 tical Analybib in WAOK-PnioB Policy 
C hairman: Winfield Rioflcr, Institute for Advanced BLudy 

Uses of Stalisiical AnalyscB in iVafioiia! Wage-Price Policy 
Harry MagdofT, Department of Commerce 
Uses of StatisUcal Analyses in Industry Wage-Price Polity tlllutilraliim: 
mobile and stool) 

Harold H. Wein, Department of JubIico 
Uses of Statistical Analyses hy Labor in Wage^Priee Policy (llluHUaliun: Cien- 
eral Motors) 

Louis H. Bean, Bureau of the Budget 
Biological Abbay 

(Biometrics Section of tho ASA) 

Chairman; E. J, doDoor, WoUcomo Research LnhorAlnry 
Experimenlat Design for Stopc^Ralio Aaimi/ff 
C. I. Bliss, Connecticut Agricultural Experimcnl StaLiun 
SlaitsHcal Aspecls of (he Measurement of f'lrua Ac/ivili/ 

W, C. Price, Unlvorsity of Pittsburgh 
Clinical TaU on Comparalivo Effeclmnsss of Analgesic Drugs 

E. M. JolUnok, Ynlo Univoreity 
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Art Analysis of CoUahoraHve Chick Aatiays for Vitamin D 
Paul Horaoycrj Iowa Statu Collcgo 

Ehtihatino Helatxonb from Nonbxpetiimental Ojibeuvationb 

(With Econometric Society and Inatituto of Matlioinatical Slatistlcfl) 
Ciiairman: Mordeeni Ezekiel, Dcpnrtinonb of Agriculturo 

TAc H'canomist^a Problem of Slaiislical Inference 
Jacob Marschak, Cowles Gominiasioa 
PrcdictaoH and jStructural Estimation 
liconid Ilurwicz, Cowles CommisBion 


—12:00 M — 

Luncheon—Confeii'encb on CeNsub TnACTs 

Chairman: Howard Whipple Grccn> American Statistical Association Ccusub 
Tract C'ommitbco 

Some ProDlcniH Incident to tlic 1060 Census Tract Propram 
Howard G. llrunsman, llurcnu of the Gensufl 
Problems of Trading Melropolitan Dislricla 
C, Vj. Batschclct, Buroan of the Gen bus 
Summary of the Questionnaires from 60 Key Persona 
Esther M. Wright, Bureau of tho Cenflus 
JIow Census Tracis Have Been Pul to Work in Cleveland (llliiHlrated) 

Howard Whip])lc Green, Secretary, Clcvohuul llcnlUi Council and Director, 
Ileal Properly Invoiitory of Motropolitau Clovelaiicl 
DiHcuBsioni Census Tract Key Persons and Otlmrs 

LuNcuiiON—'BiOMiiTnicH Section Buhinehh Miu/riNa 

Chairman; C. I, BIibh, Chairman of the Bioinotricfl Section of the American 
Statistical Aasociation 


—2:30 r.M.— 

Measuhement of PnonucTiviTV m the United Btatha 

Chairman: Everett Hagen, Board of Govornorfl of tho Fedora) Reservu SyflLom 

W. D. Evans, Bureau of Labor Statistics 
Chfirles E. Young, WcBliiigliouso Corporation 
DiHCiiBsioii: Martin II, Gainshrugh, National Inclnstrial Conference Board 

ErtiMATING Helationh fhom NonexperimentaIi OuHEiiVATiONH (continued) 
(With Eoonnmclric Society and Irmtitute of Matlionmlical StatisticH) 

Chairman; R. L. Anderson, North Carolina Stale College 
Jtcrativo Compulation Methods in Kstimaling SvnuUancoiiH Rvlaliona 
Tjallliig ICoopmana and Uoy B. Leipnik, Cowles (Anninission 
Mullivariaio Analysis in l^ronomirj 
Clorliard Tinliicr, Iowa State Collogo 
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Expbuimbntal Debmnb and Tobih ANALTora 

(Biomotrica Beotion of tho ASA willi Uio InaliluU! of Mnllicmalirul 
tioa) 

GhairiDOiTii Gcrtrudo M* CoXi NorLli Curoliaii Stnlo Collci^fl 

.On the Una ofOrthcgonal Fundiont <n Ihe Atuilytis of Jncomplde l^tin .Vi/uorr, 

D. B. DoLury, Virginia Polylcchnic InaliliUo 
Use of AdjusHng Fadora in Ihe Analyiis of Dola iiifA IHnpropotlionoh ■'fiiAffn*,') 
Numherd 

H, E. Pattorson, Texiu* A, M. Gollcgo 

Selection of Sample Size/or Defeclitiff Trealmenl Dijfcrcncea 

A. M. Mood, low ft Stato GqIIgsq 
Rectangular Lattices 

Doyd Uaralibo-rgcr, Virgioift Agrioulturnl Experiiiifjnt 8Ulion 

fS^a^urdai/, January BO, !940 
—0:30 A.M.— 

An AppHAIBAL op INDUBTIIY and BuSINESH STATiBTJCH 
Chairman: Winfield Rioflcr, Institute for Advanced Bludy 

Jn^rodiic/ory Statement: 

Willard Ii, Thorp, Department of State 
Chemical Sialislics 

Ci W- Bell, HcrouleB Powder Company 
Market Analym SiatUlics 

D. U. G. Cowan, Cleveland 
Reiailing StatUlics 

E. V, Gault, Univorsliy of Mioliigftn 
Electrical Goods SlalistieB 

Stanley Holmo, Gonornl Electric Company 
Development of an International Siaitsiical Rrogratn for Pulp Produr^rs 
Oliver M. Porter, U. S, Pulp Producers^ Awjocialion 
Food SiaHsLice 

F. E, Riddor, Gcnorol Fooda CorporAtion 
General Summary: 

Jolm W, Love, Soripps-IIoward News pa pore 
SAMPiiiNq IN THE Social Scienceb 

(With Econoiuetrio Society and Inslituto of Malhcmalicnl SlnU^flics) 
Choirman: W. Edwards Bcmmg, Bureau of the Budget 

Problems and Melhcdd of a Sampk Survey of liusinm 
. M. H. HanBon, Bureau of tho Census 
Problems of Area Sampling in AgricuHure 
J, R. Qoodmanj Bureau of Die Coubus; and 
E. E. Houfloniftn, Bureau of Agrioulturnl Econcimica 
Problems of Area Sampling tn Popidflftott Surveys 

B. J. Tepping and J. Blolnborg, Bureau of tho Conaus 
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Statistical Piiohlems of Perbonnel Management 
Chairman; Dwight A, Stownrt, Kadio Corporiitiou of America 

Slatistical Needs in PerBonnel Adininistrali07i 
W. D. Evans, Bureau of Labor StatiuLics 
SiciUsiical Problems of Job Evaluation 
Ernukliii G. Moore, Western llcHorvo University 
Problems in Worker Evaluation 
D, J. Bolaiiovich, Radio Corporation of America 
Prepared DiscuBaioiii C. II. Tjawshe, Purdue University 

—12; 30 p.M.— ■ 

Luncheon—Statistical Needs .for Economic Policy Formation 

Chairman: Leonard P. Ayrea, Cleveland Trust Company 
Theodore 0^ Ynfccma, Committee for Economic Development 

Prepared DiscuKBiona: Andrew Court, Gen oral Motors Corporation 
A. Loved ay, Princeton University 
A. Smithies, Bureau of the Budget 
K. WilliamB, Board of Govornora of Llio Federal Reservo 
System 

—2:80 p.M,— 

Sampling in the Social Bcienceh { continued ) 

(With Econometric Society and Inalituto of Mntliomalical Statistics) 
Clminimn: Samuel S, Wilks, Priiiecton University 

The Problem of Non^rcapouse 
W. N. IfurwilK, Bureau of the CennuB 

Uclaiiuc Accuracies of Syalcmaiic and Elratified llandom Eampling for a Specified 
Claas of Populaiions 
W. G. Cochran, Iowa State Collcgo 
On the Dcaion of a Sample of Dealers' Inventories^ 

W. Edwards Doming, Bureau of the Budget; and 
Willard SiminonB, Oflicc of Price Adininislrnlion 

How Can Industiiy and Bubinkss Statistics Be Efficiently Collected? 
Chairman: Winfield Riefler, Instituto for Advanced Study 

(A panel diRcussion by the speakorB from the two acRsions "An Appraisal of 
liuUiHlry and BuHinc.sa StatisUcs" and "Statistical Needs for Economic 
Policy Formation.") 

—3:30 P.M,— 

The U, B. Government Puooiiam for Statistics 
Glininiian: William IL Looniinl, Bureau of Lho Budget 
Karl CoiiKtautiiie, National Association of Hosiery Manurantiircrs 


♦ lOoI lliinlHhuo, 
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legion users of dial telephones are indebted to liift inn^lery nf the theory of 
probability and tho practical ueo of fitalistics /or \no\ui}l couneeliorifi at 
minimum cost whenever they use dial phones. 

Hugo Miicnck 

RookefeUer Founcliition. Grndunto of Cornell, \yftFliinKt/jnp and Jnlms 
Hopkins Univerflitiesj doctor of mcdicino and public lindtii. He has 
statistics extonBivdy in connection with internalioiuil health prcdileniM Much 
as the control of yellow fovor. 

E. Gmvenor Plowman 

Vice President United States Steel Corpornlion. (IrndijaUi of J)arlinoutli, 
Harvard, Denver and tho University of Chicago; at |irm‘iil n dinulor of (he 
Assooiation; formerly a teacher and now a buHneKs ndmiiiiMlralor; leader in 
the use of statistics to make bufiincsB function more cffeclively. 

Lceftc B. Simon 

Colonel United States Army, Director of the Ihd little RcjJ^'nreli f,n 1 uiralfiry 
of the Aberdeen Proving Grouiuh Gradualo of Weftt IVdnl. R^rrogiiiii'ipig early 
the importance of quality control in Iho lufimifacluro of lrlUl1ition^^ for an 
industrial Tvar, ho has been a pioneer in X\m area uf llir^ niipUcalitm of 
statistics I 

Mary Van Klwk 

RuBsell Sago Toundation, Now York City. Clraduali^ of (*fdh gr.»; 

former vice president of tlio Aaeocialion; and for many C'lmirrutifi of \U 
Committee on Employment Statiatictt; internaLiomilly known for Iut rn- 
eearohes in social problome in which tho ubo of slulifeliw Inm jila^cnl an im¬ 
portant part. 

Abraham Wald 

Professor of Mathematical »StatieticB, Columbia Univcriiiiy, (JradnaU! of 
the University of Vienna, A research worker who Imjs uinde iinjmrKant ( nn- 
tributioiiB to the development of pure inathenialic4^ well na c?t:umimio htntih- 
ties and oBpeoially to the matlicmatical theory of hlatialics. 

Frederick 7, iraiiph 

Office of the Director of War Mobilization and Reconversion in Wnnhing- 
ton. Graduate of Maseachuaetts Agricultural CuUcgo. Uutg<‘r^<, niui Cidnm- 
bia; teacher and specialist in agricultural cconuinicrt and HUilihlic^'j, (‘liii-f 
of the Marketing Reaenrch Division of tho Iliireuu of Agricullund Iu'»h 
nomioa and atalT mombor of tho War Food AdiriiniMtratinii. H« Uhh n^cd 
fitatistios and atatiefcical inothods cxlonsively in the udiniidhtralina nf ugri- 
cultural programs. 

Abel Wohnan 

Sanitary ongineor, A grodunlo of Johiia Hopkins Univcrsilj'j U-nrlior iiinl 
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consultant; internationally known aa an authority on ongiucoring who has 
made dry statistics fluid in the aolulioii of problems on water supply with¬ 
out whicli, regardless of the belief of some, cities cannot aurvivo. 

TiiEODonB H. DnowN, Chairman 
Lowell J, Reed 
JosEPii S- Daafis 
Aiiynehs J. Wickenb 
IIaUOLD IIOTELLINa 


Walter Ai Shewharb, President of the Aflaociatioii for 1945, dcUvorcd his 
Prcsidontial Address/ The Adva7\cing SlaliUical Proni^ after which the meet¬ 
ing proceeded to the business of the evoning, with Dr. Showhart presiding.* 
The Secretary, Lester S. Kellogg, gave the Annual Report of the Board 
of Directors.’ 

Aryncss Joy Wiokens, author of the amendment to Article HI of the 
Constitution, winch was passed at tho 104th Annual Meeting, rose to with¬ 
draw licr amendmoub which provided that "Tho number of Fellows ahull not 
exceed three luindred at any time.” Mra. Wickens stated tlmt after a year's 
work with the Coininibtee on Fellows, she felt tho amendment to bo unde¬ 
sirable, Chester I. Bliss, who had seconded licr amendment, agreed to its 
withdrawal. However, since tho amondmont had liccii approved at tlic previ¬ 
ous meeting, the By-Laws required that it be put to a vote, A vote was taken 
and tho amoudment was defeated, 

Tho amendment to Article XII of tlic CouBlitution, whicli was passed at 
tho 104th Annual Meeting, was prcHcntcd to the membership for its approval 
and was passed unanimously. 

Article XII —/tjncndmunffl 

The ConsLibulioii may he nineiuled either at an Annual Meeting of tho 
ABBociallon or by mail ballot. A])ropoHC(l amendment musi he sviltmltled by 
ftb lonst ten monihera of the AsBocialion In writing to the Board of DircctorH 
which in turn shall Hubmll It willi itn rccommo.ndaiion to IIlo meml)orfl of tho 
AflsoclaLloii not le«8 than 00 days prior to the Annual McoLlng at which it Is 
to bo voted upon or not leas than 00 days prior lo tho date upon which the 
mail ballot is to be taken. The adoption of a proposed amendment shall 
rcqulrQ the nfllrmativo veto of two-thirds of tho niembera nrosent and vot¬ 
ing at the Annual Meeting at which it is voted upon, or if tho amendment Is 
voted upon hy mail ballot, of two-thirds of tho mem hers whoso mail bajlots 
aro rcLurucd within 30 days after tho date of original mailing, 

Tho Scoretary recommended tlmt B^'-Law number 2 which provides that 
"Regular Members and Fellows shall pay annual dues of S5,00 paynblo at 
the beginning of tho calendar year, . , , " be changed to read; “Regular 
Members and FoIIowb hIuiII pay annual dues of $5.00, S3.00 of which is 


* Tlio hoard of DirocLora Iiuvjhk roccived no correction lo tho ndiuitoe of Ilia lOltl-i Annual Ihislnoafl 
McctlniCi Itioy were conniderorl anrroved na printed In the Marcli 101 & Jouhhal 
' Printeil on pa^e ono of llila Irmuo. 

< Printed on pnKO BB of lliia Imuo. 
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for one year's Bubacription to tlio Journal of (he A mttiem .S'tfl/fsfiVfl/ M 
tion and 60 cents for one year’s subHcriptioii In the .IjjirnVnn ■SVnfiflffcfl/ 
Associalion Bulletin, payable at the lieginning of the mh-ntlnr yi-rir, ..,« 
The amendmont was passed. 

W. G. Cochran reported for the RcanhilinnH CntiiniUliee (W, C;. Crji'lirnn 
and E, Grosveiior Plowman) and proimscd the following re?«riliiiionfi; 

1. Whereas, the National Burenii of Ivrononiic llerrarrh hof rrmipIrU'd its 
first quarter century of service to (lie Nnlirin, niiil 

Wliorona, under Dio Icadcrsliip of Dr. Wi^lcy (f. Mitrhrll, (hin Hiirraii h»a 
made an outstanding contribution iii iln iiunicriiUB rrsenrrh iiroiiTtn iiiiil 
astivities, 

Tliereforc, bo it rcaolvcd, Uml the American HtalblirBl A-piK-inlimi in 
annuni meeting assembled, licrehy iipprovea lliin iirldv dr wre..!! n-rolniion 
of congratulation for work well done, and csiKTlHlIyrmiitiirnrlw ||,f hieli 
atnndnrde of stalialicnl technology evidenced in Ilii> iiiiMit^alioria tJ iL. 
bureau. 

And, bo it further resolved that the Ainerirnn Rlalietirfd Awpirialfun fr-liri. 
totes Its former President, Dr. Wesley C. Milclicll, fur Ida Kf.uil work au 
Director of Ilcaenrch of Iho National Durcau of Eenmnnic Il«-PVFitfli. 

2. nosolvcd that tlio oIRcora and inctnbiTa of tlm .Amrriran Stnlipliral 
Aaaooiolion express theJr aniccro apprccintion of Ihe di-voU tl wrvirr a r. ii- 
derod under most Irylim circumalnncea during tlie jiaat year nml thn'r Krali» 

tribution to tho development niid welfare of tbi> Asaucifllion, 

3. Reaolvod that tlio_ oflicers and mcinlwm nf the AiiKTirfin HliHir,(iral As. 

libicn'tary nf Lalmr ninl tin- Aiiliig 
SlatlslIcB for UieJr contrlluilfnii i<i ih,. dt-i i hiiinir lU 

oFLaTorTltoflog^^^^^ the setvirra 

travel and other rondlliniis, llir> Anniml Mn i 
atLdpolnt,'^"**’"^” ABBOciatlon has Ikmui successfnl fruiu ',.lery 

in, tho tnombtja o?tlio'proffrara Coinndlfto’ff? if’'™ a.i. rni'nii. of lli.ith. 
to thofliioecaa of this mating,^ Comtmllco for llieir effective n.iiiriluitfim 

furfcbataS^^^ Assnefnlhrn hau .nii.Ie 

nnd thankaXrtho^^MelRsh'nndLc^^^^ hereby rrrnrds |(a pini-u- 

capable stair, its chapter oLora aTcommllS^ 

The Tcaolutiona woro piiBacti unniiiiiioualy. 
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President: Iaapoii Lttiiin, Commwgionor of Labor Statjatiep 
Vicc-Presidcnls: F. L, CarmichaeLj University of Denver 

DonoTHY Swaine Tuomas, Glannini Hall, University of 
California 

S, S. Wilks, Princeton University 
Directors: (For the terms expiring iit the Annual Meeting in 1048) 
Wai/peii a. Suewiiart, Bell Tclcphono Laboratories 
Samuel A. Stouffeu, Army Service Forces 
Secretary-Treasurer: Lesteii 3. Kellogg 

The Secretary reported that ho luid recoivod no nominations by petition 
and tho slate of the Nominating Committee was unanimously elocfcecl. 

iBRclor Lubin, newly elected President of tho Association took the Chair 
of the meeting and Willard L, Thorp, Chairman of tlio Committee on Struc¬ 
ture, reported on tho draft conBlitution prepared by his comniittco.® 

IlufuH S. Tucker, proposed tho folloAving Amendment to the By-Lawa of 
tho Constitution: 

"Thci'c Hliall bo a Committee on Professional Standards, composed of five 
Fellows appointed by tlio Board of Directors, whoso duty shall be to recom- 
mciid to tlio Board of Directors such aebions and procedures as may tend to 
maintain and enhance the reputation of the Association and of tho statlBtl- 
cal profcBsion for veracity and iiccurncy.” 

Dr. Lubin suggestod referring the amendment to the Board of Directorfl 
for action and Dr, Tucker accopted tho proposal, 

The meeting was adjourned, 

Lebteu S. Kello(K3, Secretary 


■ Bco report of CaminiLCco on Hlniclurc printed in UiIb iaiiuo. 
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Repatl of lh« lhard oj Diredors 

The year 1946 has been another year of elcady advance on n widCKtaliaUcai 
front, 

With the coming of peace, ivo will gradunll.v Iw nblo to irnvcl again, lo 
have mcetiiiga Of tho whole Aesocinlion and iU roininiKccp, and to engage 
more actively in tho publication progrninn whirh are nn wenlinl to die 
growth and dovciopinent of the profeshion of alnli^lica. The ^igl).^ nf diia 
development hove been important in (ho activities of tlip Aiiifriraii >Slatii.ii. 
oal Association in 1915. 


Ucetinffs. Soon after the defeat of Japan, the Himrd •*( JliriTlnrs and 
Officers decided to plan an annual meeting of tho Aa«r)riation nt (.'Icvtdnrid 
Ohio between Januory 24 and 27, 1040, nt the sanin limn ns tin* itimuai 
meetings of tho Institute of Malhcmnlicnl fiitalialjcs, llin Amrrirnn I'iconoiiiic 
Association, tho Econonielrio Koeiely, and the Anmrir.'iii Mnrkclirig A«- 
Booiation, Tho mombors of tho Program Coinniiltco, (In* Otrirera and mpiri. 
bers of the Cleveland Chapter, the Diatrict Jlcpircsciilalivc, niiij mnny 
members of the Aesociotion immediately direclerl major nlleiilion to the 
development of a program oiut lo tho nrrnngemcnls «f pbysinil <|e| nil for tho 
meeting. Tho onnual meeting is the Ural of the whole AMOcinlinii'a nmmber- 
sliip since December 1041—tlio first in a break of more Mmn 4 years. At (liis 
same meeting, tho Board autiiorlzcd llic apimiiilmciit of a rimimilti'r* to |irc- 
pare programs for mootings to bo presented at the «ewimi« iif ibn AAAH at 
St. Louis, Missouri, March 27, 28, 20, 1040, 

It is tho sincere hopo of tho Board of Uircclom limt lliero will m*vrr be 
another catastrophe of such cnlamitous proportiona nw lo adip nmjr.rnclivi- 
ties of the notion's professional groups. 

Operating under n Conslitiilion which did not jirovide for Mich rvalrir(i..iig 
OB the wor Imposed, tho Board of Directors found it imjmwililc during (ho 
wor to oorry on oertnin Wnds of Association ncliM-lieK salihfrtrtmily, At an 
Annual Busmoss Mooting of tho nieiiilwrship, ml led by (ht- fbiard of 
Directors at the time of tho rogionol mccUngs in Watihinglon, | J, bi'twiam 

fof rewitwi of t),P (*om.|ilii(inn was 
passed which will make It possible for tlio incmlmrsbip bi vatr* „n ii..ucs 
submitted by tho Board in tlie interim periods between aiiniml ii.«.lii,gs. 
nvi j “f Directors, os in other years, lins met rrguhirlv, nt liiiii-s for 

of mi tTT ° ^ Prolilems 

of mtercBt to tho Btatiatical profession. 

Rapiers. The Chapters of the Aesocialion have Imil valiiabtn iiriigraiim 

puDiisned in tho ASA Bulletin, linvo indicated Hint Ihn (Jbiiplf'rrt arc hbarnlv 
oonsoious of ho probloms facing the development of dnta, (Ivin, i,.min. iui,.r. 

Wnshiimi 1^™ ataturo, A now Chapter wna <’liaru>n>d in Sealih* 

Wn hington, bringing tho total miinbor of Chapters to 21,.(ih v . l‘ 

•-"Z»' 

F or uiaptor ohartors may bo oxpoclctl in 1010. 
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Publications, Following the resignation of Dr, Frank Hoss ns Editor of 
tho JoniiKAi^, the Board of Directors OBtablisliod n now Editorial Board con¬ 
sisting of a Managing Editor of all Aasocintioii publications, a Tochnical 
Editor of tho Jouiinal, a Review Editor, and six other membors. Twclvo 
Editorial Collaborators to assist tho members of tho Editorial Board, both in 
stimulating tho writing of papers and in refereeing and reviewing articles, 
Iiave also been appointed. Tho names of members working on these groups 
are listed at tho beginning of this Journal, Tlio Editorial Board has held 
two mcotings during the year to lay plans for the Board^a activities and 
procedures. Editorial policy was reviewed and a restatoinont of it has been 
proposed which will soon bo presented in tho ASA Btillclin; a restatoinont 
of the Journai/b book review policy was prcaontod in the ASA Bulletin in 
August, 1945, 

Plans arc being made to devote one isaiio of tho Journal in 1046 to ^'Tho 
Bole of Statistics in the 

At its meeting on December 20, 1944, the Board of Directors approved a 
budget for 1945 which made it possible to introduce tlio Biornelrica Bvllc^ 
fin, publication of tho Biometrics Soefcion, Tho Biomelrics Bulletin is edited 
by tho Biomctries Section Editorial Board, and with the assistance of the 
Secretary's office in production 1ms successfully completed tlie first year of 
six bimonthly issues. Through loyal support of tlio membership of tho 
American Statistical Association and several uiombcrsliip campaigns, the 
total distribution of tho Biometrica Bulletin miniborGd 1214 aa of Docomber 
31, 1045. 

The Moniborahip Directory, giving more detail about members and inoro 
classifications than any previous Ainericnn Statistical Association Directory, 
was issued with the December 1045 issue of tho Journal, Plans are being 
made to issue a supplement containing names and addresses of all now mom" 
bore in each Docomber issue of the Journal, 

The ASA Bulletin has continued to bo issued four times n year. 

Conwiiitcca. Tho war continued during 1946 to take a very serious toll 
ill terms of rcstriotions on committee activity. Heavy individual wartime 
rosjionsibilitica and restricted travel and hotel facilities made a wide range 
of coinmittco notiviby impoaaiblo. In spite of those difficulties, however, 
there Ims been very important cominittee activity and substantial contribu¬ 
tions therefrom to statistics. 

The following standing committcca have continuod activity and with the 
return to ponce expect opportunity for greater activity in 1040: Committee 
on Census Enumerntion Areas, Tho Cenaus Advisory Committee, and tho 
Committee on Occupational Classification. 

Tho GommiUco on Fellows took tho Dirootory porsonnol forms as a basis 
and linvo devised a now procedure for reviewing the aocomjilislnnonts of 
members wlio should bo considered for election as Fellows. Tho coinuiittco 
lina also comploLod a report whioli was published in the Novoinbor issue of 
the ASA Bulletin. 
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TJiospocml comiiiittco wliich was appoinU^rl in hy Prc-pirlcnt (Jolrlefi. 
weiser at tho request of SocroLftry of halior Terkin^ ^ m wiUi Ihc 

.,tliaj]kfl^Qf Jhc BoArd for the excellent joh it Imd done. 

The* Association's Coininittce on Kdiiealitiii nful Tr;iiniii|^ nf Mnlif^^liriann 
has progressed less far than was hoped, due Up tlin rr pigfiatiriu of it^i rhniriunn 
Upon special aBsigiimeiit, a comrnitier! working with a i^indl.^u griaip from 
tlie rnstUuto of hfathonmticnl Stftti^tLics driiflrd n ‘'Ilr^rrijitihii of ihf IW 
feesion of Statiatica," for use of the NiiLiniml Hunter of Srionilii«^ lind 
ized Persojincl of the ^Vll^ Afuapower CoiinMir<f«iuii, n fur returning 

Bervicemon. Parts of this fltntciiicrit have l>orn widely umvI ip ^latuincnU 
published by the Army and Navy^ 

The special GomimLLcc on »StrucUiral Orgiinixalion i^arly in iPiTp invited 
represontabivea of a number of [mifc.HMomd wurirticH to jnera In diHinis^H Llm 
poaaiLilifcy of revising the Constitution of the Anmrirfin Hl;4ti?.iirrd Ah- 
SQciation, to make it n society that cMUild iuore effccUvrly Die in¬ 

terests of statistics in nil subHlaiUivc ticicis The reprmujlnti i.f Either 
socicEicfl agreed that tho proposal was good and nnked the Af^M^ri/ition repn*- 
SQPtativea to proceed with n drnft CuiiHtilviliuji and to prrM^nt tho draft to 
asubsequent ineoting of tho group. Thu draft wan prcaent^Ml In ll<r. gpoip late 
ill the year. Suggestions for rcNision were rurcived nod iiirurporranl in llm 
draft Constitution which was prcRcntcd to (ho animal mrrlang mnl will ho 
distributed to tho inoinborahii) in 1910. 

A apccml Coimnittco was appointed Ui work jhinlly uHh n mmht rmu- 
mitteo oftlie Ainorican ISconomio AsKciciiitioii nri the jir^priralinii <d n Sm,rrn 
u StatiatioB. Tho comniillcc wim rruiipiiprtj of ihr fuilMwinif* 

WAlter Mitchell, Jr., J. Frcclorlo Uewimnil, I'hili,, M. imkI 'I'lu.-Mlnro 

U, znfcoma. 

Problems of the utilmatioii nnd cliBiiusitiuji of K..vertii.i..iil war rn-onl-i 
havofittracted a greet deal of attonlion in U.o huiar jmrt of HMf.- A MM-rial 
commit ce composed of Lester S. KoIIork, hforris A. (•..,M.|n..d. William 11. 
Leonard, ond Arynoss Joy ^Vickens wiis iiinwiuUid la work on Hmjm. |,ri.l.l,.m.H 
and to represent the Amorienn StnliBtical AHiiK-iiilioii in ftimi). r cllorh 
which may be made by other profoseio.ml nssocinlinnH. 

At the request of Secretary of Labor Krancos rerkiiis. an Advisory ('.- 

^ttco to the Bureau of Labor SintisUcs to review ihe Hurenu'n hroji'i li-d 

dSSrod s'!) "'"f lias Jnrl n 

tn:iT.trr' * .. 

» .StoH™ ?r“r' ““ .. 

...... 

OiiBsi-BR I. Bi,ih8 Wai,tkh A. SnicwiiAur 

M'li.i-Aiiti L. 'I'll..Ill- 

Simon Kuznetb Hbien M. Wai-kbh 
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Report of the Secretary^^ v,,. 

Tho Secretary's activities during 1046, as in all npo (^lo^ly 

related to every pliaac of the Afisoemtion's program. 

tho nniuml publication of a Bumiiiary of the work of fclio Board of Direct ova, 
in 1938, the Secretary's report lias dealt mainly with momberejup clmngea. 

During 1045, incmborBhip in the American Statistical AHaociation in- 
crensed by 444, bringing the total as of December 31 to 3,480. This growtli 
during tlio last of the war yoavH if of great importance iia an indication of tho 
potential interest in the ABaociation'a dovclopinont. It is fitting for the Secre¬ 
tary at thia time to provide more information than is customary on tho 
Association's membership over an extended period. 

Listed below are the liguros on total inombcrahip at the ond of spocified 
years, Tho complete story ia not told by these fignrea because there havo 
been several periods of decline, eapecially during the depression years of 1933 
to 1935, and again in 1941 and 1942: 


1914: 

700 

1918: 

800 

1936: 

1,750 

1930: 

2,500 

1045: 

3,480 


Tlio 1045 total is composed of the following classes of members: 


Honorary Members. 15 

Fellows’*'. 123 

Ilcgular Members. 3,342 


Total Membership. 3,480 

Corporate MoinbcrH. 4 


One hundred sixty five mombers wore still in the armed forces of tho 
United States at tho ond of tho year. There wore 01 resignations and 190 
members were removed from the active rolls for failure to pay dues. 

Donald R, Belcher, Alfred Cahen, Erwin A. Gnuinnitz, David II. Mc- 
Alpin, Kcnnotli A. Norton, Millard 11, Pryor, Winfield W. Riefler and Elmo 
Roper wore elected to lifo mombcreliip during 1945, bringing tho total Life 
members to 48. 

The death of the following mombora was recorded during tho year: 
Edwin V, Gay nnd. E. W, ICemmcrcr, Fellows and Senior Moiibers; David 
Friday, Fellow ^ Richard T. Ely and J. II. Hollander, ^Senior Afembers; 
William W. Adams, C. M. Barnes, Walter W. Cooper, Sedloy A, Cudinoro, 
Tiawrujica Flinn, Lyonol C. Florant, Harry Ij. Gala, Dorothy F. Holliuid, 
Georgo E. ^lason, Norman Morriam, John F. Norinano, E. F. Perkins, 
John B. 8Jioplnird, Lewis R, SolTcr, Arthur E. Thompson, Edith Wood, and 
Leo Day Woodworth, Regular Members^ and Dolphino P. Iliirriman, Aa- 
aocialQ Monibcr, 

LesI’er S. KnUiOna, Secretary 

* This n^ro doDB not Includo tho IwoWe fellows elcoLod si Iho Annunl MqoIItik in Janunry 1040. 
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tiep&Ti of the Tteomrrr 

The year 1046 liaa followed Uio genernl pnll^rn of JOM »ri(l JOl.'J. The 
budget has lind to be kept conliiuioufdy fluid. 

The 1945 budget Q9 approved by the Board of Dir^ctorH ]ibnnrd for an 
iucomo of $21,385 and oxponclilurcs of $2.V*^3fh tlif! yrar rnd^d, inrojiic 
fiotnlod $24,430 and oxpcuditurca $26,098, ri.^f|peling n lir-fjf iL fd/ruit one- 
quarter as largo ns that planned. The nnujor ren^^onw frjr inrrruMt of nrUial 
income over planned income was the «iiccvhia of ft tciriUniunii^ mendtoff^hip 
drive, of incrcoaedsubscriptionB, aud the ititonic from Lhr iUilkUn 

which had not been esthnatod. 

Larger oxponditurcs than pinuned were due inauily lu inrrraKfcl 

coats of printing tho Jouiinal aud the |»rcjUer tlmii tkhL of prhiliitg 

the Biometne^ BulleHn. The iiicrciisc in co^l of the JnruSAb wuh dun pri¬ 
marily to nddifeional expenses involved in shifting the etiiO^rljip. tirraUx 
thnu Anticipated cxpcnsca for llic Biomclric« Buikiiu v»xrr‘ clui^ lu thr‘ large 
printing of early editions in order to obtain wide iintinl di^tnlniliun, TJia 
efToobs of eiforts oxponded on mcinbcrHliip aiid flul^j^rriptinn diivr^K wrri? re¬ 
flected in additional olhco oxpeiiscR, wiiich were conahlerabl.v higher ihm 
planned. 

At tho oiirroiit mlo of cxiiansioii of ncUvity nntl Rrottlh in HiCKilwTrliiit, 
it is likely that tlio lOiO budgot of iiicoiiic and cxiwn^'es «ill ini,4lu r rl-e 
o-ver the 1046 budget oiid it is hoped Umt tlim builgM H-i|| hnve to 

bo kept continuously floxiblo nnd oxponsibic. 

L^hi'kii <S. Trfoiinrcr 
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Rcyori of the Auditors 

To tliQ Board of Directors of 

American Statistical Association 

Wo have c:xaminod the attached financial statements of American Staiiati- 
cai Association relating to tho year ending Dcccnibcr 31, 1946. Our exaiiiiua- 
tioii was made in accordance with generally accepted auditing etandiirda 
appUcablo m the circumBtanceBj and inclndod such teats of tho accounting 
records and other supporting evidence and such other iiroccdurcs as wo coii- 
sidored neccasary. 

Tho recorded cash Tcccipts for tho year were traced to tho deposits shown 
on the baiilc statements and the amounts for dues and eubscriptiona woro 
tested with the momberahip and subscription rccorclH. Tho paid checks and 
relative vouchers were inspected in support of the cash diaburBomentB for 
tho year. Tho bank balances were reconciled with cortificntcs obtained direct 
from tho depositaries and tho cash on hand and tho eocuritica owned at De¬ 
cember 31, 1045 were voriried by iiiBpcclion. Wo did nob check the moinbot- 
ship and Bubscription records in detail or make any indepondonb verification 
of the inventory of old JounNiVi.s, tlic oflico records of which are based in 
part on data assembled in prior years, no recent physical iiivonbory having 
been taken. 

Tho life membership roaorvo is computed on tho basis of tho combined 
aimiiiby table of morbality with assumed inbercBb at 4% per annum and an 
assumed aniuiity of $5.00 per life member, in accordance with a resolution 
of the Boui'd of DirocLora on March 31, 1030, The ainoiint treated as income 
in each year represents the excess of the reserve at tho beghuung of tho year 
plus interest for the year and new life incmborsliip rcGoi])ts over tho required 
roBOTvo at the end of tho year. 

In our opinion, the nccoinpanying etatoments present fairly the jiosition 
of American Statistical Association at Dccombor 31, 1945 and the results of 
its operations for tho year in conformity with generally accepted accounting 
principles applied on a basis consistent with that of Llio prccedii^g yoar» 

I’mcE, Wateiiuouse & Co. 

Washington, D. C- 

Marcli 0, 1940 
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AMKUirAN BTATmtirAl* AHf^flCUTlON 

Amkhican Statibtical A'^^tu-IATIO?^ 

]]alakce Buret 

1 Ir'-rjgjltrr 31, 

/Is.wfa UJH 

Cnfih ill bnnk and on hand.. 51 1 ,3-^3-i’lR 0,17^,04 

Accounts jcccivnblc .. -.. MJ,01 2^0.63 

Inveatinonts; 

United States Sfivinga Bondw, Series D, nl nHlemii* 

tion value*. r *. ' i*j ,7'ICI. 

Stocks, ntcoBtj (at market qiiolnliunM $0,875 aiirl 

$5,100, rc8i>ocliYc]y).. 3,703.50 

Inventory of old JouiiNAL«, at apprnxinmUi rirtl. , , I ,W*7.50 ] ,083,32 

FurnituTo and equipment, at coal leas dcpferiatiuii. 828.211 710,52 

I2:i,nn *8^ $ 21 , 275,01 

Aocounta payable . 8 1,772 07 $ 1 , 217.10 

Deferredincomo (collectionsapplicable Lii»ubKec|Uvnt 
year): 

Dues. I n,570.W $ /i/m.72 

Subsoriptiona... fS ,0^ 1 ^5 2,711.57 

Jouhnaij advertising. 183.71? 170.40 

$ I h, IKKOQ 

Not w’ortU: 

Lifo mcmborflliip reserve.. $ 3,2(11.75 | 2,riM,K3 

Con tonary Sustaining Fund, per Btalcinenl r»,255.2.'i 0,114.21 

Surplus, per statoincut. 4 ,fiVI4 .20 0,11 n 02 

$11,(151.20 $M.H4.V00 

$25,0^41 .88 121.275.111 

'■ " .!■* i I .ffi V., . J 
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Ameiiican Statisticai# Association 
Income Statement 

Year ending DccGinljcr 31, 


104r> 1044 

Incomb; 

Dues—curront year. $15,410./iO $12,002.75 

Dues—prior yonrfl. 101,75 47,75 

Lifo momborahipB. 317.07 230-08 

Siibacriptiona. 4,588.01 3,000.00 

Advortiaing,.... 807.85 040 .(jU 

UcsprhvtH. 470.23 074.70 

Journul fluloa. , .. 047.35 1,207.35 

Index to tho JouitNAL, Bales . 10.00 

Spoeial pub\\cations. 50.33 

Riomctrica SccLion incoino. 1,687.83 

Annual meeting.-. 322.8G 

Miacellancoua. 103.10 12.50 

Dividenda and interest (after deducting $104.50 

in 1045 apportioned to life membership reserve) 277.11 170.72 


$24,420.37 $20,871.72 


Dxpenbeb; 

Journal—printing, mailing and reprints. $ 6,074.02 $ 6,008.63 

liuUtitiu. 717.02 G72.61 

Salaries and wngea. 12,157.14 11,480.02 

Unomploymont compenBation lax.-.. 11.37 10.00 

Kent. 1,020.00 834,00 

Ofllco BUppllcSj printing and mimeographing. . . . 1,285.03 080.00 

Postage. 871.30 078,05 

Tolophono and telegraph...* 247.44 200.41 

Travel expense—onicera. 270.72 623.11 

Biometrics Section exponscH. 2,670.40 01.03 

Direotory oxponflo. 85.00 

Storage of old Jouhnai.s. 72.00 72,00 

Cost of old Joumnalh sold. 02.10 154,88 

DopreoiaLion of furniture and oquipmont. 140.16 120,44 

Miaoollancous. 420.40 301.00 


$25,042.10 $21,145.80 


Balnuco, loas, carried to HVirplua. ^ (1 1 021,82) $ (274.08) 
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AMEHICAN BrATlHriCAl. ABBOt lATlOS 

AWEJirCAN BTATIHTICAI# AH'WtJTiATlOf* 

aunrt-UH BrATi:Mrxr 

Vt‘nrrn'ling tlf^r^-mbr-rai 
HHU 1011 

Balanco at bcginniiifi of year... ln,'UKKlO 

Deduct —Excogs of oxpcfino over iiirnnic for Llir ymr, 

per incpmo staLomont.... .H2 | 2V'1*(33 

Appropriatioii to Cciiteuary HuHtaining ImuoI of 
amount equal to not procceda from finU;H of I Jitlrx 

to the Jovnt/Ab... JO.00 

tl.tai.h'ii i 2H1,08 

DftlftiicQ at eiicl of year... $0,110.02 

.--r. I ■ r , ., f, i cijjj 

CEKTfiKAnr SUBTAINIKO Fuhm 

Balaace at beginning of year . |J»,07n.Hl 

Add—Amounts received from conlnhuLorfl on idcdgcJ*. t ^ I1U7.50 

Intoroat received on bank Bavings nccininl and in- 

orenao in rodomplioii value of eocuritics. IfKJ ,->■! in5 .ffO 

Net proceeds from Bales of Index to (he JouiikaL. .. 4 hWI 10.(K) 

$ wi.m I mAW 

Balance at end of year.. $0,255 .25 JU, 1 M .21 
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Co7n7nittee on Slrudure 

Altliough the CoinmUtGO on Sfcructuro unfortunately readied a high co- 
oflicient of Bcatterabion during the last year, it has substantial progreen to 
report. At vta request, the Board of DirGCtovs issued invitations to An^erican 
Marketing Association, American Public Health Association (Vital Statistics 
Section), American Standards Association, EconometriG Society, Institiito 
of Mafchomaticd Sbatiabics, National Quality Control Society, Now York 
Society of Security Analysts, Population Association, Psychoinotrio Society, 
and the SocLoinetrio Institute, Inc* to attend a conforonco to discuss the 
overall problem of organisation in tho sbabiatical field. For some years, there 
has been a tondenoy for spccinliiicd groups within tho general field of statis¬ 
tics to set up their own specialized organizations. In spite of the substantial 
amount of common interest, there hna been little relationship among these 
groiii)s, other than from interlocking momberahips. It ia obviou.s that this 
tendency was in substantial degree tho result of the failure of the American 
Statistical Association to meet the needs of those specialized groups. 

TJio conference came to the concluaion that tho time 1ms come to bring 
these various organized activities in the statistical field Into a closer relation- 
ship and to provide machinery whereby hcreufLer the satisfaction of siiccial- 
ized needs would be given substantial oiicouragoinont, Some sort of central 
body acomed necessary to act as apokesman tor all BtatiRtlciana, to cllminato 
unnecessary dupllcaliuns in costs and energy exhaustion, to integrate and 
cross-fertilize inGctlngfl, ])rogramfl and publications, and to develop organized 
activity in certain areas not prcsonlly occiipicch It was felt that the Amorloan 
Statistical Assuciatioii as the oldest and largest organization might well take 
tho lead and clovciop a program which would bo such that theso other or¬ 
ganizations might work more elosoly with it wliilo not losing thoir autonomy 
in dirocling their own aflairs. 

After considerable study, tho Coimiiittco has come to the concluHion that 
tills aim can best bo accomplished through a substantial reorganization of 
tho Aincricun Statistical Assooiatiou, In connection with tins, provision 
should bo made for tho recognition of assoeiato flocietica and afliliatcd socie¬ 
ties. An associate society would bo ono concerned with statistical method or 
tho statistical aspects of some specific subject-matter field, An afiiliated 
society would bo one iiitoreated in statistics but not aa a matter of primary 
concern. Both associate and afTiliatcd societies would bo given substantial 
participation in the government of tlio American Statistical Association, and 
tho mombei’H of asHooiato Bocictics would rccoivo u rognlar bulletin designed 
for slatisticiaiiH in all fields, 

The roorgimization of tho American Statistical Association involvon its in¬ 
ternal fllruoturo as well as its foreign rolationa. Proposals are that there bo a 
rcsponsildo governing body known ns the Council, which will consist of repre¬ 
sentatives of associated and iidiliatod societioH, incniborH olccted by regional 
groups of chap tors, the Board of Eii’aotoi‘8 and tho ofllcorB—perhaps thirty 
individuals. There would bo provision providing for rcforeiida, l)Ub in general 
tho Council would bo tho legislative body. Tho President and Board members 
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would bo elooted by tlio Council. Tlio ConuuilU'o hui* alfo r.o»»ir|«-rrMl ril frotne 
length the problem of clinpter rcc|uircinenh‘*. the iiucc wily f-.r ilicrMfijiR dues, 
the deairability of designating n I'rcsidenU'lccI, rln., nlr. 

By the ond of the ycftr, the CommiLlM! Imd r.unph’t'rd a tWaii <■( n r('viJ>^e(l 
Constitution and Dy-inws. It is hoped Ihiil tlirfo ran ilifiriiwd rhiriiig 1 |,q 
spring at various chapter meetings, nnd llml action f*ii ll«r pr-ipi.f-sls c.m Ihs 
taken early enough to permit the new proKmiii, if and «.« «|)pn.vt'd, t<) go 
into effect in 10'17. 

^V^l,^Anh If. Tjcfinr 


TheCommiUeconFcHowa^Thc^onti\ot l)irrcli*rH <■«* Jj^siunry J, 

requested the 1046 Committee an rallmvH lo nn'inw lln* \rh"dr* iiroMern nf 
Association honors. Lccqufo tlic qucHLum of linnrirf/ in Utr* laf.1 ririjil>V'iV 
be based upon the objectives Bought In conferriiif; ihf*?**^ riinl Ui’niue^t 

thescj in tutu, are Qcpemlcut ujiou the obyeelivtyw i^^iugUt in lli** n^'W C'un- 
fltitution, tlio work preBcnted in tins report can ron^'iilrroil nnly 
lb is recoiTiiticnded, consequently, that the rn]nirl prwntnl lirn-wllh, if 
found acceptable, alinll be passed <m t<* llie ConmiitU^t* tlif’ f ^»iiNlihJlinri 
BO that plans may be ftcloiiLcci which will l>e roiiMi^trut wsilw ll^r* idijpplivi^i^ 
of the new Constitulio7U 

There are at least four roasanH in favor of honors wliirli nhirrlivk^ 

for a plan. These rcaso ns ore: 

1. A gesture of appreciation or of coiiiiiK udatinn wliiirb idht jjd iis rlmr* 
actor and grautod ni recoginliun uf work nf a lirgh quality w<dl r|nin«. 

2. A dovico to stimulalo iuterost in ilie wurk nf ilio (hmt 

inembors honored AYilUcd Lhciuaclves lo be luoro ib?fmitvly an iaM^gral 
part of the Association. 

3. An obligation to the goncral public tiiiico in ilie icmwing itiiyKirtfuirq of 

Etatistical work it is desirable ilirit llu^ pulilie Im^k groti|i 

for leadership. Ilonora provide a mcaiif? of sfrnririg i^iirli h^rjih i/'hip. 

4. A device for promoting intoriiulional gemd will Ihriiugb n il^hnih* hnni.r 
coaferred upon a citizen of a foreign country, 

It Bliould be noted that bucccss 5u thcfte obiertivr^^, in olJo'ia wim h 
may bo included, is dopondent upon a well Organized, w A*^,M-rjalhni. 

Such an organization should accept tho rctipontiiliililirM whi^di iU pM^ilinn 
implies toward problome which have now come to be oi imliMiinl ijii|jnrl;iii(:e 
in a postwar society. 

In the material which follows, the rcconiincrulationK are iJri' L ?dnP^tl. 
presentation of recomnicndationa is followed by n-'a^oiiM ft«r n^riljiiy’ Hh iii. 


I. Follows 

Ibiarocommondod that 

a. Elootion to o1«b 8 of inemboreliip of Lim kiujwo u-i IVlUiwf. 

ir»iJ ?' *“ ‘PPOlnlKl by l>rMjtlenl Waller A. i., f. hirn.iue nn 

Follow, on Deoombor 11, lOifi to «rv» for lb« Uun Jeuiwry 1910 (litou^li lo.Vi. 
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shaM rcpresenfc a distinguished honOT for work o( high quality in sta¬ 
tistics. 

b. Fellowship shall bo limited to citizens of the United States and Canada. 

c. The motliod of their election shall bo as provided in the present Con¬ 
stitution, 

d. Their number shall be relatively small and limited to 200 mom bora 
instead of the present limit of 150, 

c. Tlio Fellows bo used in various special capacities on behalf of the 
Associatiou and be more dircotly integrated with its activities, 

II. Honorary Members 

It is rccoinincndecl that 

a. This class of inoinbership be limitod to citizona of foreign eountrie,^. 

b. Their election shall be accomplished through a Nominating Coininitfcco 
of three Fellows who shall serve for a term of three years. Upon nomi¬ 
nation by the Committee on Honorary Members, fiiinl election shall 
bo by the Board of Directors, and notification mado by the PrcBidont of 
the Association in collaboration with tho Chairman of the Committee. 

c. Tho number shall not be greater than 25. 

III. Special Prizes 

It is I’ccommended that 

a. American Statistical Association Awards bo established for mombora 
who havo not reached their 32nd birthday on January 1 of a given 
year. 

b. Tho Awards are to bo made at tho Annual Meeting, 

c. Tlireo Awards are to be conferred for not more than throe outstanding 
papers published during tho two years preceding each annual meeting. 
One of these papers is to bo in Htatistical theory, one is to bo an ap¬ 
plication of statistical mothoda and tho third may bo either of tho.so 
types or a coiiibination of them, No awards need to bo granted if papers 
of Bufficient quality have not been published. 

d. The Awards consist of a prize of SlOO and a Ccrtificnte. 

c, A member shall not be eligible for a second Award, 

f. No Follow is eligible for an Award, 

g. The Fellows should be polled annually for lists of distinguished papers, 

h. Awards should bo made by a committee of three Fellows on Awards. 
This committee should bo organized in the same way ns the Committee 
on Honorary Moinbera. 

IV. Distinguished Lecturer a 

It is recoinmeiuled that 

a. There bo chosen each year an annual Looturci’ who slioiild address tho 
Association at tho time of tho Annual Mooting, and other lecturers 
who, in the course of a year, should apeak before tho chapters. 

b, Tho Annual Lecturer and the Chapter Lecturcra may bo Hcleotcd from 
any group of the Aasooiation meinljcralup. 
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c The LegLuros together with Ihc IVHdrnlm! piiljli^licd 

' by the Aeeociation cnrly in Ihc year fnlloxvhip < rirh AnumA Mi fling. 

d. The Chapter Leclurcra. in gencrnl, rfinU W. i:vh,Tlril of 

' the country at Borne difitfUico from llie Chajdrr nl lliir hdure* 

are to bo given. To facilitate! tliifi work^ fundh W, provided to 

cover travel cxpenRCS of the l^ccturcrfi. 

e, A comniilLeo of Llic Fellows apjKiinled hy ihr^ Wimfil j,hrtl| arrange 

for these jjccluroehipa- The SdcreUry Ihu ^h^il] bo. a 

member of thifl Comniiltee, 

V. Fiimncefl 

It is recommended that oflforU be made to firmnee n rfirNMiciidalhios 

through special fundsi 

Oieeimiort 

L Fellows 

The bnaio problem of the Fellows in two-fnld: (I) wbfthrr h» rrproMjnt 
a group selected to confer nn honor for accnmpliHlin;ciiit. nr (U) wln lhrT they 
are to bo selected merely as n profo^ionnl c\fis^ of Ihn A^-i'^orialsoji. ll^^gard* 
leas of the group winch they arc to represent thrro will nlwnyiis 1^ flifftTciiw 
of opinion in regard to the CTilorin used and the wi^^dnjn v\ Ibr^ rinimnUcn's 
fleloction. NevcrthclesJi, it is believed on the c»f pn>t that the 

selection can bo made with a renaonnblc degree of prcriwi^ui. If llio J Vllow- 
ehip is to rcprcBont a diRUnguished honor in lerniR wf rclHihcIy arron^- 
plishment, clcorly brilliant younger members nrn likely t-i 1^* puff-t'd by 
temporarily. With this in mind, the propmutl of prir^K mid 

tinguished Lecturoehipa has bcoii suggested as n iimann; uf rn'^^griiliiiu by 
the AsBOcintion for a larger group. There la Ibn further rt*udili»*(i that Mio 
older aotivo mombora of the A&aocintion are likely l4> Im Imiivily hmded with 
important work, If the AaBociation enn coinnmml their hil^rcf^t for work 
in perpetuating their own number and in acting »d ruunidUAf^ 

in connection with other lionorn, their imptirlaiieo in llio wnrh A^Miriu- 
tion will be definitelv onlmncGd. 

As judged by the replies to the long fpmsUonnniro ai-nl p* Oo^ I i llow? 
over a year ago, there ia not tho slightest doubt about tin* vi ry mil inU'm.t 
which many Fellows have in tho Afuiociation. It niight vrry H hnppC!n, 
conBcquGntly, that they could bo polled from tinie l-o limu in n ^nrd in nllir-r 
important pTobloms or pobcioB of the ARSoeialion, TIiuk Umy v,'«Mald m l an an 
informal advisory Senate for the Asaocialion ufTiwin., 

There jb no objective lino of ronfloiiing wliicli will Irml mM'ipn'Iy llm 
limiting nuTnbGr for Fellows. A review of the curly lO-iri uiiMula r- 

ahip, however, indicates the following ff Urn rrilnrimi nf (wii or innn^ 
check markfl in tho right-hand column of Ibo card i^buwii on dr» of I ha 
November, 1046, iJidto bo used, It will ho found Hint inrlutling Ki lhpn« 
there wm bo lisUjd Boino OOO or 700 individuala. TIili^ alwuil li/iVh ul tho 
membership of tho ABsooiation. A limit of 260 would reprc^uoul abnul a third 
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of fclieige. In other words, about a third of tho mombors who have secured 
recognition either in ABSooinfcion activities or in publication of articles would 
bo the limiting number for the honor of Fellowship, Whether this number 
would bo desirable in the light of more critical ovidonco to bo obtained in the 
years ahead is unknown* Whenever a condition of nonbalanco occurSi how¬ 
ever, tho Constitution could again be amended. 

The present method of determining tho Committee on Fellows is wise and 
Bliould bo continued. It leaves tho Committee complcboly free from influonco 
of current onicera. It provides tlio maximum of independence and so loiula 
quality as well as dignity in tho conferring of this honor* 

II, Honorary Members 

A poll of the Follows early in 1946 showed almost unanimous support for 
the decision that tho lionorary membora should be citizens of foreign coun¬ 
tries excluaivclv. There was a dilToronco of opinion as to how the election 
should bo carried through. Nevertheless, tho weight of the thouglilful com¬ 
ments was ill the dirootion of tho dilTieulty of identifying outstanding statis¬ 
ticians in foreign countries and, conscquontly, of the belief that a continuing 
committee organized like the Committee on Fellows and reporting to tho 
Board of Directors would bo tho most cfTective way of accomplishing the 
result, Here is another extremely difTiculb but important problem lor tho 
Fellows to undertake, 

III, Special Prijica 

Mucli earnest comment has been received from tho Follows in regard to 
tho necessity of honoring aohoUirly work of the younger members of tho 
Association, Tlmughbful comments tended to imply tlmt tlio Follows will| 
as a rule, bo elected from among tho older members of tlio Association who, 
t)irough years of oITort, had built for thoinsclvcs an outstanding reputation, 
There was tho need, consequently, for aomo means to confer lionor upon tho 
younger moinbera of the Association and, in so doing, to stiinulute their in¬ 
terest in professional work and in tho Association. It was with these tlioughtg 
in mind, tlmt the recoininondations for tho special prizes woio prepared. 
Emphasis should bo placed upon the intent to scouro a breadth of iatereab 
in tile papers and upon tho use of a two-year period. This time interval obvi¬ 
ously will result in a one-year overlap. Intontiou ia to provide for poasiblo 
recognition of both of two papers which happen to have been publislied in a 
given year on, for example, Tho Theory of Statistics. One paper might bo 
recognized one year and the other at tho end of tho following. Another 
reason is to avoid excluding authors who happen to have articles appearing 
in Dcoonibcr iounmls. The cttHli award is large enough to bo of importance 
to most young men and tho Certificate probably would bo clierislicd as tho 
first of a possible aeries of lionors to bo won during a lifetime of work. 

Tho iJicligibility of Fellows is doliborato since tho intent of tho prize is to 
discover now talent, It would bo liopcd, of course, that prize winners in some 
future your would be made Fellows. 
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IV. DiEtinguisliod Lecturers 

Several objectives arc prcficnl in llii« rncr.i«metinIa»i»*H. Tlin nlijcri of 
the DistinguiBUed Lcolurer nt tlie Annual MeclinK in Lih.k rMKRriinon U) 
members of outstnuding ability cornniuiily in tlm .-igc! Kr^.iifi !.f|,iv«n;ii 30 
ond 46 who have not been clcctcil b'ellown. The inU’nl i!> JbaJ .InMtrijitjr.n 
will be honored iu the net of honoring llioin. On Ihf «4hr r hnnrl. inh nl uf iho 
Chapter Ijectiircflliiiia is to sliniulntn Uic work «>f Ik-^ rhai.J^ r,- hihI nl the 
samo time to confer directly an honor ii|*on miy ior'iij|.,.r .,f i);,. 
who may bo chosen to deliver bMoIi n lecluro. It will 1 k> that no sitrml 

cash award of any kiiuhiflidc from iho diKliiinliiui nf I tij.li)>giii?hr-l lATlurrr 
has been included. Tho BuggcHtion Ihat Immiimrlntion miw-hm! 1h< provided 
is done with the deliberate hope that lA!Clurcr« ran Ih* inlr-rrhunguil hi-lwc'Cn 
Chapters os widely Boparulcd art New York ninl [.os Angrier, or W«,«.hiiig|<»n, 
D. 0., ond Seattle, 

Tjikohohi; II, Itiuiw K, r'AaiVman 
I.owei.i. J. Iti rn 
Jusnl'Hvi. I)A\IH 
Aiiv.vichU J»v \Vi«‘Rnsw 

llAltoi.n IlriTi;i.i.is-ii 

T/ic Cvowielrvca SecfCoii. Following appros'&l l»y Um Unnnl of Itircvbus of 
the American Statistical Asaociation, tint niniii pnijorL of ihf Jlir)iii('tric!r 
Seotion in 1016 hos been the //foniclricff IMktitt, Tin* Ihitloji.tl ^■|lInn^iu^^<? 
lor tho Bulletin consists of G, M. Cox, Clminimn, C. I, IllipK, W, (f, Corlirttn, 
P. R. Immor, U. W. Norton, L, J. Uced, (1. W. Snrdcmir nnd .*4i*w;ill Wriglil, 
Complimentary copies of ono or built of the limt two iiml rii» in- 

vitation to join tho Soction tvero scut to all iiii'uilKTrt of lh«t immtl A^Miria- 
tion and to other potontinl iiicmbers. TIte rc‘!it|K)iire hus lirm ('ii('*iiiriiKiiiK. 
As of Decoinbor 31, 1045, 1070 inoiiibcra and |l^Hu■'iille itM'UdHT!* ami 136 
Bubscribera were receiving the Bulletin. 

Tho Biomeln'cs littUclin has appenred bi-iiKinlhly, iN giiitiing iu I Vhni.s* 
ary. The first vokmic, which toUds 92 jMigM, tvmihl Imvo rcpiirnl tii'iirly 
twice as mony pages in tho foniinl of the Journal oflhr .Iiuj-nVini .VfiiftVfiVnf 
Associalion. In ordor that the volume would ci<ini-iiU< with Up- rtil'-ml.'ir 
year, the Bulletin started without a backlog of mnlfri.il. ‘I’in' hha liun is 
indebted priitinrily to our very nblc FdiUtr for lilliiig ihe IhilMin (h i.pilo 
many difficultios, and to tho Socrelary'K oflicc (»f Um A.'M.i iri,li"n for ihc* 
production ond diatrilnilion phases. As llic Ihillvliii Imtoiih h iM lkr known 
and meetings are resumed, we can look forward h; n nU jidy gnatlh holh in 
its inlluoncc and size. 

Membersliip in tho Section oji DeccmlR-rfM, Hll.l ronn.riM-il ... 

and 217 associate membots, the fornir-r belonging l<» Ihe p/in-ol AiMJi inlion 
and paying annual duos of one dnllor, the Inller two ih-lhir^. 1 ii tib- «if in- 
terest represented in the Section have been Uihuliilcd from ihtla on 7«9 
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individuals, Of these, 05.8 percent reported an interest in some branch of 
biology with medical ecience the most frequent, 10.1 percent an intercafc 
in meteorology, chemistry, mathematics or industry, and 18.1 percent in 
the social eciencea. ExpensoB of the first year not coverod by clues and sub- 
scrip tions have been absorbed by the parent ABsociatioii or contributed 
by inejnbcrs of the Editorial Coininittce and by the North Carolina State 
College. The parent Association has been compensated in part by now mom- 
bers wlio have ioined both the Section and tho parent Association. Wo should 
look forward, however, to tho necessity of incrensing dues in 1047. 

The hist sessions of the Bioiiictrica Section wore held at tlie annual meet¬ 
ing of the Asaociabion in December 1944, nono having been hold in 1945 
due to the limitations on travel. In 1940, two sessions are scheduled for tho 
Cleveland meetings in January including ono sponsorod jointly with tho 
Institute of Mathematical Statistics. A joint session in the week of March 11 
at Atlantic City ia being arranged with the American Society for Plianna- 
cology and Expcvimeiital Thcrtvpcutica. Other sessions arc being planned for 
the Ducetings of the A.A.A.S. in St, Louis during tho week of March 25 by a 
apooial committee under tho chainnanehlp of II. C. Fryer. Two of these are 
deferred meetings from 1045, 

Tho Biometrics Section was represented at Iiitor-Society conferenccB on 
February 10 and December S for coordinating tho activities of professional 
organizatioiiB interested in statistical mctliod. Those plans provide for tho 
growth of Hcctions into ficlf-flupporting associate societies integrated into an 
over-all program. In lino with thifl dovolopiuont, a Bpccial committee of 
whicli A. 1C, Brandt 1 r chairman will report a draft constitution to tho busi¬ 
ness inccling of the Section in Cleveland, If this constitution is adopted, tlio 
Section will become tlio "Biometrics Society, an Associate of tlio American 
Statistical Association.” 

CiiEBTiiti 1. Blibb, CViairman 

Covimiltee on Iho Eviploymejit tSlatistics Program oj Ihe Bnrcan of Labor 
SlalisticR. Thifl Committee was cBtablisUed by the Aflaociation in May, 1945, 
at the request of tlio Secretary of Labor, to review tho proposed expanded 
employment statiatics program of the Bureau of Labor Statistics. Tho man¬ 
date of the Committee is limited to tho Department of Labor and to current 
statistics as distinguished from conjectural forecasts, During tlic siunTnor 
and fall, individual membera of tho Committoo have had numerous con- 
foroncos and discussions witli officials and technical experts of the Bureau 
of Labor Stnti.stics. A large iiuinbcr of documoutfl pertaining bo procedures 
for obtaining estimates of em^doyment in an cxjaindod progriun have been 
received from tlio Duroiiu of Lal)or HLatistic,4 and are being studiocl by tho 
Coimnitifio. 

Members of tho Coiinnittee luivo also discuHSod sourccH of information, 
procedures, and other mattors relating to tho problem of oHtimaling om- 
ploymcnb with moiubcvs of fclio Committee oa Labor >Supply, Kiuploymout 
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and Uncniploymonl Slotistica nnd willi individitals in varinm^v ^nrofliis and 
agonoioB of the govcrninenl. Itejwjrts and *ilhcr jiftcuiurhM from lhe«o 

agencies are under Btudy by llic CoitiiiiUlcc. 

A meeting of the Comniiltcc, logclher willi rrprtr».ontahvr-^ of (bf Ibirenu 
of Labor StalieticB, Bureau of Ibo Cemua, nnd UnrenM id i>«noi< ir tMir nrily, 
was hold in New York on Seplcnibcr II, 10L’», al nbirh Isis.f varionii tuitfr 
lions nnd topics on procedures Irtinfi urad nr eniileiniduP d in »h<! ciilurRcd 
employment stnlialica program of tlic Hurcaw of Lab-.r Slalfslirs wi-n* dig- 
cuBeecl, 

It ifl anlicipatacl tliftt a preliminary draft uf n mmi prej^Bra- 

tion will he completed vritiun a few wceke, 

\\\ A- 
K. \\\ 

O, A. Vnu it 

H, IS. Wll IKlt, (ViQlVrTl^in 

Commillcc on Census Enu^neralion TJm nri (Viiwub 

EnumGratiou Arcus held iU aiinunl mcolinn at n luiit’liPnu Mfi l iiilni', 

January 25,1940, at the Carlor Hotel in Clrwlnrid, Oldn. 

Speakers at this eeseion were ICsUicr \Vri|!;lil, U*iwnrd (1. Hmnpmnnj 
Clarence K Batflcliclot, and Howard Whipplo CJr<vii. TJnr^ pjjj^rr/^ iiitdnded 
n reviow of current aotivitica of the tracteci cilir« in pr^iUii'linj^ tmrt 

use, plana ol the Bureau of tlio Conaua for IDM, prarlirfil in 

extending tractod arooB beyond eily liniita, nnd ^jildi^^ril in pMpu- 

laruing eensus tract use in Cleveland. 

The mooting adjourned lo tho office of the CImirnmu of ("tonrnill^o 
where there waa an exhibit of cenaua tract fttrc^olindexi^'fi nud niripp. jnil*li'<hf'd 
Btudiea incorporating census tract data, and lunurrrnH n^rap^ ^uid 
showing the distribution of aocial and economic rhnract^ id (lic j«i|iii- 
labion by traota. Tlioao matcriftls included lUu iiublMif-d fr^uii nilirT 

citica aa well aa Cleveland. A practical ilcnmn^lrnlicm nf pji'p?irin^ j^iHit 
maps and overlay tnapa was aleo given, 

The meeting nnd exhibit were entbuftin^ilicnlly nlU^iidrd by lu^urly UK) 
poraonB. 

During tho year a summary of tho qucfttiunTiairf^Ri rcUirnnI ]»}• llif* Kry 
Persons wna completed and published^ 20 pngCH. Tlii?^ r<rq»^<rL im hub''' n hM 
□f Key Persons and Census Tract CoimuiLion f^r r';4r)i rity, furls 

oonoernitig census tract maps and censua tract r»lrcct b«r i nrli rity, 

and a list of the most important uacra of Irncl data, 

A complete sot of Uio papers presented at llm 11)14 IhTPudHT irinding, 
21 pages, was also diatributed to nil Key IVmtnm uud ntlu'r^i iu 

census tract uso,, 

Committee is planning to publish a manual on ccMTiuri Irm l during 

^946, 
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A third of the Ceneus Tract Key Pergons left tlicir cities during tlio past 
year but the Chairman is pleased to report that replacements linvo been 
found for all but five cities. There is dofinito evidence of more active interest 
developing currently in censuB tract ubc, Tho Bureau of the Cenaue reports 
that its supply of 1940 tract publications has been exhausted, There hae been 
considerable correspondence with Key Persona concerning the development 
of adequate cgubub tract maps and street indexes, cstabliBhinent of cenBua 
tract commitleoB, and extension of tracts in Bubuiban areas. Several con¬ 
ferences on tlicBo problems have also boon hold with Key Persons. 

Tile Committee wishes to express its appreciation to tho Bureau of tho 
CcnBLia for its cooperation during the year. Members of the CoiifluHing Staff 
of tho Vital Statistics Division have made survoya of ceiisua tract uso in 20 
oitiea as well ns giving the Chairman asBistnnee in his Coniinittee worlc. 

Respectfully submitted, 

Howaud Whipple Gheen, Chait^nan 
C. E. Batschelet? 

Docron W. Tiiuhbeh Pales 
Doctoh Ekhebt M. Pisnion 
Mne. SniiiLBJY K. Hart 
Docron Philip M. IlAUSEn 
Doctor Verqiii D. Reed 
Doctor Leon E. Truesdelti 
Doctor Lent D. Upbon 

Joint Comtixilko on Occnpalional ClasBificaiion, During tho past year, tho 
Joint CominittcQ on Occupational ClaBsificiiiion of tho American Statistical 
Association and tho Division of Statistical Standards of the Bureau of the 
Budget and its technical flubcoininittcc have been concerned witli taking 
account of the effoctH of the war on occupational clasaification systomH. This 
has involved the incorporation of new job titles or tho reclassification of old 
titles iiecesfiitatcd as a result of war dovclopincnts. Another Bpccific problem 
on whioli coiiHidorablo progress hftfl recoiitly been niado is the translation of 
military classilicationB into their civilian equivalents. This work has facili¬ 
tated the coimselling and placement of vetcrana and of workers displaced 
from war induetrica as well as providing the basis for a better description 
of tlio occupational skills of the population in the post-war period. 

The Bureau of tlic Ceneua has initiated work on revising its Index of 
Occupations and tho United States Employment Service 1ms started a 
revision of ita Occupational Directory. Doth of these activities are long-term 
projoGts and all major claBBificalion diffoYenccs ariBing in these Uvo Bystoms 
will bo cleared through tlm Committoo for Bottlemcnt, ns they Imvo been in 
tlio past, Tliis clcaranco is a continuing proGcas and constitutes a roviow of 
tlm Convertibility List, which was developed by ilio Joint Commit too cm 
Oocupatioiml Classincation in 1040 as tlio framework for standardiy/ation 
of occupational statistics. 
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In addition, requcaUi for rcclnsflification of ncciiiwlions arc ivr«’ivpd from 
the roprcsontativca of parliciilar occupational rir iiToJefiMonal RrMiifm in the 
public and nro coneiclcrod by the Coniniillce, with or wilhmil foinml bear¬ 
ings. During the pnst year, agencica rcprcfirnliiig (iitU.'iuelri^l-». rliiroprac- 
ters, and Christian Science pmclilioiiora have rc‘t|iipip(i'(| rerlaanfiration in 
the United States Employment Service nml/or Creiims cljM».>'ifjr.«(ii*ti iiy> 
terns and the Convcrlibitily Lint. 

(i‘i,.Ai>YH L. Taimi n, ('hnirinan 


Census Advisory Commiltce. The (’ctiNUa Advisory Cniiiuiiillrt* of ilm Amer¬ 
ican Statiatical AeBociation held only two itinr(i»g« rliiriiig llm jia,!>lyt«Hf, one 
In April and one in November, However, from the ixiiiil ui yjr'W nf ronlenl, 
the level at which the disciissiona were held and the iiroldeme disniihMd, 
these Tneetinga were highly iinporlnnt. The nppoinlmf-iil »<f q upb- tieereUry 
of Coinmorco called for revniuolion and reflaloinenl of lit'* progrBiii of Uie 
Bureau of the Conaua which was reviewed and disriiwd (o yKioe length 
at the April meeting, covering not only the pmlilemH wbirh the Uurenu met 
in wartime but also the directions toward wliieb lliu Hurc.'iii fdoaiilrl in 
the postwar transilion period and in pence lime. Home of (hri«e directions 
crystallisicd loter in the 1917 budget refiiieslof tlia fUirean rtf the for 

the fiscal year 1947, and in order U» ertver lliia program rr'iticdial IcgjKlntioii 
was introduced into CongrCfs. The bill wliidi wm Inter introrliirc<l ns II. II. 
4781 incorporated the eiiggcalions which the C*umititlUv bnsi In-r ji rn.'iking 
over the past years and which itapccifically urged m a rr^dutioii ndopp'd in 
the November meeting. 


In general, the program toward wliich the Bureau of Iho f Vupuw i.s (Kdiding 
calls for benehinerk censuses on a staggered bads nilh Astriculliin' and 
Population being taken simultaneouBly every five yearn in yrare ending in 
0 and 5 and Manufacture and Business, also r|uiiitpierini;dly, iir ynm ending 
in 2 ond 7, in addition a strong program of current data ncw- iry for the 
study of economio ond sooinl data which arc plnnacHl. Thu nvailnl.iliiV r.f micIi 
data would be very helpful in iiicoling the stalielifa) nmls of Ibi* rmiioti. In 
oddition to, tho oonsiderntion of ovcr-ull |iroBrniii, lopies di-niHfcd iiirlmlcd 
the Census of Agrioulturo which wss taken in the year lat.’i .siul llic ..rguiiim- 
tion of a Field Division in tho Bureau of tho Census. Tim lsiH,-r wus nb<* tlie 
object of resolution ot the November meeting, in whirli the fMinti.iltci* 
emphasized that the quality of statistical inforiiialinri m i mu Ih. h.i 

bettor than that obtained at the source. Tho cxihlenct* of mi tid>'.pi:ilo field 
staff experienced in field problems end methods would lod i.idv n-Milt in 
improvement m the current statistics prograuin now Iking di-v.'|..|H-d l•ul 
would also provide an osaonlial nucleus around which llio iiidd for u 

wh oh exist by virtuo of tlio temporary asHnmhling niid dinbamliug ..f ki-v 

field poraonnol for tho major conBuacs ns hoH licari the pr«rtii>o in ihi. past, 

In addition, a continuing field organization can bo cffccivclv imcd on a ierv- 
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ice basis for the collocbion of data for other Federal agencies. Tiie concen¬ 
tration of field activity would result in a substantial irnprovomont in Federal 
statistics in general and tlio Cominittee urged further study and action on 
this aspect of the problem. 

The texts of the two resolutions follow: 

Ilcflolution on Consua Bureau Program Adopted ])y the CensuB Advisory 
CommibtcQ of the Amorican Statistical Aflsooiatlon 
Kovcinhcr 10, 1046 

The ConHiia Advisory Committco of the Amorican RbatiHticnl Afluocia' 
iion, liavliig diflcuBscd with ofliolalH of the Bureau of blio Census and with tlm 
meml}Qrahip of the Ainerican Statistical ABsoointion over a ])urlod of years 
major problems which face the Bureau of the Census, strouKly urges Lho 
following conclualona and rccommondntiona dirocted toward a halanocd 
atatistical program designed to be of maximum uscfulncaa to the buBincss 
community, to the government, and to the otlicr consumcia of atatisLlcal 
information. Such a program is urgently needed during the critical inontha 
and years ahead to effect an orderly transition from war to peace and to 
provide a sound factual basis for postwar adjuatmont, 

(a) That in the coming year tno Bureau of the Census be empowered 
to take CcnsuscB of Mamifacturos and BusincBB, a survey of the clinracter- 
iaticfl of the population on n sample baflis, and a conainncr income survey, 
and that it also bo empowered to expand tho present report of the labor 
force to obtain data for tho major Industrial areas. 

(h) That the Bureau of the Census reschedule its basiG Genaus operations 
HO Q8 to achiovti a better balanced program by conducting quinquonnial 
ccnauBcs in lieu of tho present unbalanced programs ranging from biennial 
to decennial ceiiBUHcsj and that thoao ccnaUHCB bo ao spaced ns to prevent 
undue administrativo burden from being placed on tiic Bureau of tho 
ConsuH. 

(c) Tliat the Bureau of tlic Cousub bo authorized to coiiducfc its proposed 
program of ourroiit statiBliCH including annual Hample survoyB and poriodlo 
monthly or quarterly reports ncccBaary to provide timely information for 
current use, 

It is the judgment of the Committee that both the immediate and long- 
run programs propo.sed by the Bureau of the Census would meet urgent 
ncocla of bufllncas, government, arul oilier usotb of HtatiMtical information 
and that they should be autliorizcd at an early date. 

Resolution on Cenauft Field Organization Adopted by tho Ccnaiifi Advisory 
Committco of the American Statistical ABBOoialion 
November 10, 1046 

Quo of the critical points in tho colloctiou of statistical Information ib the 
field Interview', or tlio contnet of the representative of the collection agent 
with tho rospondont. Tho quality of the Btatiatical information ob published 
can 1)0 no hotter than that obtained at the time of the enumeration* For tliia 
reason, tho CensuB Advieory Committco of the American Statistical As- 
Booiation consldora it extremely important that nn adequate permanent field 
Btafl bo inaintrilnGd by the Bureau of tho CenHUs. Such a staff would hocoino 
intimately acquainted with the problems and pitfalla of this important phnao 
of HtatlHlIcnl activity, would bo uaefUl In tho collection of necurato data 
for the monthly report on tho labor force, for annual flurvoya of retail trado 
and for otlicr current aamplo atudicfl. Such an organization would also pro¬ 
vide an eSHontinl nuelmiH around w'hich the field organization for the major 
cenauaoH can bo organized. 

For thoHo nmnoiiH, the Census Advisory Committoo coinitimidH tlio or¬ 
ganization of a floparato Field DivlHiou within the Bureau of the CeiiBus to 
BpeciaUze in thia activity. However, wo believe that a Bpeoii\i\ 7 .ed organiza¬ 
tion of this typo can boeomo most olTcotlvo if it ie also UBod on a Bcrvloe basis 
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for the collooLion of (lain for other ARt^in^irti m tarM, Thif r..rjr^nUAH 

tion of field activity in one fl|>ccinli4crl ftR^ney whuld itn^H in m p^iI ptftnllal 
improvement In Iho qiifllily of other Fcderni nSnlisUrfl go ^ir It|, 

and the Committee atrongly urge« lurllmT Blndy And arur^n ih|j tnd, 

Wjlua'^ 1 r. n?*:, f'"hw9nKii\ 

List of Commilices and UttpreunMit^r^ f^r LW 

Commiiiee m FcUows 

Thcodoro II. BroM^N, CVioirman 
Lowoll J. Hoed 
JoBopli S. Uavls 

Comm^'ilee on Nominaliom 

Helen M, Welker, CAairmaft SlimrL A. Hic^ 

Frederick C. MilU 

Commiilce on ImeaiiMnls 

Henry B, Arlliur, CAoirmon AVillnrd L. Tliriip 

Ep Grosvenor Plowman 


Aryitw Jny Wick«^nf^ 
ikrrdd 


Biidgei Commttce of iho Board of Piroclori 

Henry B, Arthur, CAai’rjnaii Willflrti L. Tljoip 

E. Groflvonor Plowman 


Annual Meeting Progr(irf\ Commiitco 
Vf. G, Cochran, CAaiVwian 
A, D. Hp Kaplan 

fliomefriM <SecWen Committee 
C, 1 . BUbs, Chairman 
Horace W. Norton, Sectelary 
Alva E. Brandt 
Willinm G. Coohran 
Gortrudo M. Cox 
OKnrohiU EiBonhnrb 


J. Hrrtl 


Alfred J. 

Hugo Mijcjrmb, Jr, 

J. Nuyinnn 
Iiowoll J. UcH^d 
Geargo W, i<amU(?r<*r 


Census Advisory CommiUeo 
W. F. Ogburn, Chairman 
Murray H. Boiicdiot 
Donald R. G. Cowan 

CommiUce on Census Enumeraiion /Irene 
, Howard W. Greon, CAairmdn 
Clarence E. Dataoliolot 
W. Thurbor Faloa 
Erneflt M. Fisher 
Shirley K. Hart 


J. Frederic iJitwhiarnl 
I'roderick F. plmn 
Willard U Tlmrii 


I 1 iili|i M. linufitir 
Vtrgil I), liiwd 
Uon J:), UVui^ftdnill 
Up U]i^un 
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Joint Co..imiUee oti Occupational Classification 

Gladys L. Palmer, Chairman and Ilobert J. Myers 
Secretar y Caroll L. S bar tic 

Mevecllth B. Givons Leon B, Tiucsdcll 

Ida G. Merriam 


Comniilice on Sampling Surveys 
S. S, AYilka, ActUig Chairman 
W. Edwards Doming 
George W, Snedccor 


Frederick F. Stoplmn 
Alfred N. Watson 
Theodore O. Yntorna 


Advisory Commitiec to the Bureau of Labor Statistics 
S. S. Wilks, Chairman 0. A, Fried 

W. A. Borridgo M. I, Geralionaon 

Robert Burgess 


Committee on the Preservation and Destruction of War Records 
Lester S. Kellogg William R. Leonard 

Morris A. Copeland Avyuesa Joy Wiekena 

Covwiillec on Preparation of a Source Book of Ecoimnic Statistics 
AVnltor Mitclicll, Jr., (7/iaiV7?i07i Philip M, Hauser 
J. Frederic Dowhiirsb Theodore O, Yntoina 


Commiilcc on Struciure 

Willard L. Tliorp, Chairman 
C, I. Bliss 
W. a. Cochran 


F. Loslio Ilayford 
Frederick F. Stephan 
Helen M. Walker 


Repreaentalive on the Board of Directors of the National Bureau of Economic 
Research 

Frederick C. Mills 


Meinhers of the Social #Scte7ice Research Council 

Harold Hotelling Willard L. Thorp 

Frederick F. Stephan 

Rejireaentatiue o?i l/ic CouTicil of the A?ncncan Association/or Ike AJrancemcjU 
of Science 

Walter A. Sliowliarb 

RcpreBcnlalivea on the Joint Committee for the Development of Statistical Appli-' 
cations in Bnginceruig and Manufacturing 
Walter A. Showhart Churchill Eisenimrb 
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Represeuiative on Uie Stclioml ConmiUec on fUandardt ftn t,'tnphK /’rcjcnio. 
lion 0 / the Anuriean Slandardi .S>oHJr*T*?<f fiif Ih^. -Imencon 

Society of Mcc/ianical Sngineert 
Fredorick 1C. Croxlon 

RepmenlalM on the Admary lhard of the Atrurifon J’r<ir ii,Kik 
Frank W. Notostcin 

flepreacniolive on the Advisory Committee to the ('efis!.e /.thrary /ViyVW 
Fioliard 0. Lang 

Member of Jlio vlnicncan Docarmn/alian tnM>.le 
Lcatcr S. Kellogg 



BOOK REVIEWS 

Edtled by 

OacATi Ktiibhn Btjbos 
Rutgers University 

Industrial Quality ControK PublisLecl bimonthly by The SocjoLy of Quality 
Control Eiigincors in cooporation with Tlio Univcrflity of DuITalo. $0,00 per year; 
$1,213 per isHUo; Vol. I (112 pp., 81 XU in.) ifl available at $4,00 per sot of 0 
copies or $1.00 per copy. Edited by ^fa^l^n A. Brimbangh (ProfcHBOr of StaliHtics, 
University of BufTalo), Editorial and publication ofTico: CroBby Hall, University 
of BufTalo, Buffalo 14, Now York. Tuiq reviews follow: 

Review dy Sebastian B. Littatjer 

Professor of Mathematics and Chairman of the De'partmeni 
Newark College of EnginecTing 

T he appearance in July, 1044, of tlio first iesiio of Industrial QualUy 
Control served notice tliat '^Quality Control" had come of ago na a 
field of professional endeavor. As la well kIlo^Yn, induBtrial quality control in 
its present senfie dates from the early twenties when Showharfc began liis 
original investigations wliioh pointed the way to the use of statifiticnl inotbod. 
Before 1930 it would have boon difficult to round up a dozen papers on sta¬ 
tistical quality control. And in spite of a definite incroaso, thorcaftorj in tho 
indimfcrial use of statistical techniques in quality control, and in tho publi¬ 
cation of papers on the aubjeot, in but relatively fow induRtrial plants, up 
until the war, was there an awarencaa of control charts or sampling tables. 

None tho less, tlio advantages of ntatistical quality control had been so 
soundly established that during tho war a program of intciiHivo training in 
these tccliniques was carried on under tho auspices of tho Ofilco of Production 
and Research Devolopmonb and the U, S. Office of Education. The ontiiusi- 
astic reception of this program was followed at many of tho training contcra 
by tho organization of local quality control societies, From this luicleus of 
persons interested in tho applications of statistical methods to inchistrial 
quality control has como the doinand for n journal to servo their professional 
needs. To quote from an editorial in the first issuo: . Other publications 

are available for tho presentation of statistical and mathematical develop- 
menta of interest to quality control operators. Likewise tho engineering ap¬ 
proach is available. But between these two there is an open area of analytical 
quality control in industrial use. Into this open area Industrial Quality Con¬ 
trol is projected as a sorvico to the men and women who nmlto the decisiona 
from day to day in quality control dopartmonta." 

That such sorvica is boing appreciatively rendered is attested to by a sub¬ 
stantial group of readers among whom are more than seven hundred paid 
siibsoribors, Tho appearance of this bi-monthly periodical has stimulated the 
activities of niany of tlio young quality control BocioUes by publicizing their 
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activiticB and reporting fully on ellniM. IrAiwing roiur^'^ Ihr, like; by 
Bummaruing ftrUclcB of itilcrcuL apiionrinR rurrriUly in •-Jlf'r jriurnaU; by 
providing toxt reviews, news and nn(<^F, and njlirr inunlly found in 

tlie pages of a profcB«ion«l journal, anil in ihf prr^«'nl ruM* f»,r ll-e fitpL linuj 
in a journal of tWeir own, aiipealitig itiri’rlly lu iiuaUly rt-Mrcl nj^oralorB. 
The early isaucB contained a coniiuTlionfive l(iM)‘'grap)jy wlirh iuumI have 
been heartily welcamcd l>y many a reader. In lht'«* msd rdi/rr Mfiyw /nduj- 
Irial QuoKly Control liaa Iwstn randerinR vnlimVlv pr-rvi*f> «-i it?, reudt ra and 
encouraging a sonso of cojiimon prufriwional inir'r'-pt nu ^rig tuialily rrmirol 
workorfl- 

Tho contributed papers, -which are Ihi" Mi\t*>iUnct» iif jnurnali 

are rather difEcult to ftppraii«J. All ui theiM wre ninc^ rMrcl i^ria^rarily with the 
Btabifltical aspocta of qunlitj' Gonlroh A rckkJ iJiiriJ nf I he* tlr-al ?riih 

"indoobriofltion” and "general plant-Avii^e rnw>ra\>nn^^,’' Urird vrivh 

aarapling plana And Uio romiiinder with c<inlitil rhurt ^i|ndi4 ^IfJirjh nr incidco* 
teil teoUaiquGs. Most of tijc pnjwra nm l,«y in indiiHriftl 

practico. Only a lew of lha paj>er« Jirn by Ti^ra^innl wriur^ in rbo liidd, and 
certain names inliiTinlcly nw^ociaU^d willi Ihf Jtf 

quality control are notyot iimong th<! conlrlbulor?^, \Vhih» nf lln^ pi'*j4*rs 
contain points of interest, in a imnibor nf Iht* j>niFi^r> :irr invali¬ 
dated bccaufio of wenknesAcsin (he (/<♦ i.diinin lln?}n, 

A periodical ia far more than the sum of il^i and, ind' -f cl, h a living 
entity which can qxorciBe a vital inflijcnco <m ihi? "d prnb ^tijijnal 

hold wliloli it nervos. Founding meU n lournnl b a wurilny n\i*\ ti^rniidahle 
undertaking, while nurturing it to n nmlurc* ?tnd Kup* 

port from oil interoated quarters. To tho fciundcrr^i and i>f /nds/wriid 

Quality Control gcimino Ihnnha aro due and all %iH9il f^r the full 

realization of their objectives. 


IIevij^w bv IIouniionK VowKiKf? 

Pro/estor of Pnc&s and iSt^nfoid 

T m oniGiN and purposes of Indu^irinl QmiUy Crntn^l h"* in n "irityj- 

sttgo from tho Prosidciat'* and nn ''Kclitoriar in iU ii^t (July UlJ-i) 

are well eummarized in the /ollowinj^ cxcorpUa (MMpKMiri* uiBriv): 

Mom then n year ago iho War Production Ihi^ard (hrMUgh lU (Hliri* uf 
1 roducuon Rcsoaron and Duveloprneul lauiichrd n proji ri Im pruvidv (raili¬ 
ng In tho ubo of analytieai quality coiilrnl tii k^ y |U’iiii*rihi 1 I'huM’i pni'hir- 
i^tcTiaP, ,, Early in this progrnm »n itiu iu»l\ff' rIv. n mi 

BulTftio, aoptombor 11-18 limi, . . On Novc^rnlKT 7 IIm- ^ nf ihh 

iQtonaivo courao CBtnbliBhtjcJ Uio Borlnty of t^imlily r^.nluA I UMm* u*-_ 

^om this nuolciiB of 41 rcprcmmUtlvoa of Ki iiifjivhhi^d jridu^lTo p. our iii^ in’* 
berahm Ime been nuRmenUd by Rradimli^n of ibn Mirr.-nnnr In^irt^iiiix) 

oUbscb In Qua illy Control, BO that wo jiow linvii mi ui j;.M 

raembora., . , Wc propose through Iho medium ufOun puPlirniom p* pn m-mi 

TDwmiWflrftllon, Ihfl RyUiot o( ihUfcUWlRrhl V.i ... hUi iV-i 

Bolonoc mMl Wm Tnuniiiis a (?, H Mf-fi < ( 

^uaaLlonj wliloh dlrociUy opoiuored ihc liUeiuivo wiirw* M\h ui'IlM 

pATi'tiinQ oouraM, alao, 
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to our membership, and the public, itoma of interest in Quality Control, 
, . . The content of each issuo will bo selected with the thouRht in mind that 
quality control operators in other arena face probloms eiwilar to those en¬ 
countered in the BulTalo area. Accordingly materials appearing will, we hope, 
have more than local signillcancG. 


The objectivefl ot the Bu/Talo Rocioty and of its publication were apeciQcd 
further in tlio second issue of the journal: 

Your oflioerB are attempting to keep abreaBt of . . , dcvolopmciits by 
fostering two major programs: (1) the training of new quality control 
oner at ova in courBos oiiorcd at the University of Buffalo, (2) tho publication 
of Industrial Quality; Control The magazine Is designed to give you articles 
to show what other companies arc doing, bibliographies to guide your rend¬ 
ing concerning the use of control Lcclinlqucs in other parts of the coiintryi 
tables to facilitate your work, and solutions of current problems presented 
l)y members of the society. 


The first seven numbers of the journal were lithographed from well pre¬ 
pared typewritten copy on a page 8^ Xll inches. The (irst two compriBcd 16 
pages each, including cover, and the remainder, 20 pages each, Volume If, 
Number 2, appeared in type, with 1C pages of tlic same size as before. 

Tlio articles in Industrial Quality Control full mainly into tlirco classes: 
(a) gcjmrnl discussions of tho principles of quality control, and especially of 
Rtatistical control; (b) reports on Bpecifio quality control projects; and (c) 
proscntatioiiB of statistical theory and method applicable to quality control. 

Gen Grab nations have their merits, but one who hag already road a little 
of tho existing litcratiiro will jiot pause long over most of the articles which 
deal mainly in generalities. One, however, "Top Maimgonienb Views Quality 
Control,” by M, Herbert Klscnl'iavt, President, Bawsch and Lomb Optical 
Co,, in tho March 1946 issue, is an exceptionally thouglitful and interesting 
discussion of the broader aspects of quality control. 

Among tho papers that deal with flpccific applications of statistical control 
arc two or three whicli iiicluclo cliBcusBion of some broad problems of quality 
control, and in so doing are tho more effective because they prosont coiiolu- 
sions in a sotting of the conditions whicli validated tlioin, Noteworthy on this 
account is "Growth of a Quality Control Department In a Canadian Ammu¬ 
nition Plant,” by Douglas P. Brown, General Superintendent of the Tccli- 
nical Development and Control Department, Defense Industries, Ltd, 
(Clierrier Works), in tho iasuo of Novomber 1044. To go farther in the men¬ 
tion of individual papers on specific applications is scarcely possible hero, for 
nearly every iwaue of the journal has contained one or two such papers of real 
merit, potentially useful to renders of diverse interests. 

riil)crs aTul notes conccriiod with statistical theory and method in tlio 
early issues of tho journal wore pitched at loo elementary a level to bo of 
interest to most readors of tliiu roviow, and they hick spncial merit, in general, 
even as oloniontary expositions. One in the November 1944 isHuc, uiiHigncd, 
is particularly open to criticism. Dealing with theintci CHfcing problem of data 
fibowing highly skewed distrilnitlons in their original form, but approximat¬ 
ing norjuality when transformed to logarithms, it auggests, reasonably 
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enough, tlio use of a clinrL for individunl (ilMorvwlioiiK wslh an aiwage al the 
geornctrio mean. It Ihoti cletormlno; "wginn" i.f Hjft fliffi«rct»ce 

botweon tko logarithm of tlic gconiclrio moan .inti th»' tif t(i(< 

tronio itoms in tho tliBlribiiUoiiK, and Idandh.' arrojui.^^ uliffr rrnl valuer of 
"sigma" for positive and negative tlovialit<n»*. U mifw Ihf- I'tpjrf.rhniitv to 
odviao plotting such data on pni>cr with n biRantljnji^' vi ttir d 1;^^. 

doncing a souse of the supcriorily of avcrngen over tndi vidnni hI 'm-i van ittiii. for 
moat control pvirpoHOs, it remarks. •’I'erltapK rri-idetn t-i Sks* oTlicIi- vvil) obtri 
to develop a Bolutiou of the problem of prr'|>aiing fnr avt rngca 

and ranges of a nojiByniMiclricitl dit-lribiUimi" » 

refloBt little understanding of llio knowledge jeiiuiied for sobsliMi* <4 eho 
problem. 

As a Imsty itnprovisolion under pronfuro of ImndlirtK a plant pnd.Ii.iii. ( 1 ,^ 
method just suinmorizcd may Iks admired for i(» simplgcji.v and iiiKrm'iiiv 
but one may doubt wlicthcr similar problenm were f<* prevab-Dl ntTil urgent 
tliat time could not well Imvo l»eon sintred to develop n more r lliriont nnd 
rational solution before publishing on it. In any wf. lo hIImw '•rigm.-w'' oh. 
tained as just doscribed to inaaqucrndc aHidandard c|c-riati««»R wiilmul bikJ- 
ogy is hardly excilsabJo. 

It was appropriate that discussitma of alaU.alti'.il mrllhml ia iljt^ rnrly iftau«s 
of InditslrialQualili/ C'oidrof should beclemenlary, in ke/'j.jiiK vtdii IlmaPiluH 
of most of its subscribers as bcginiierH in KlalUliD'*. I.al'vr rcflert rintg. 
Ditionof subBtonlial advance in Ihostalialicnl ..f n,..w. uhrmt the 

journal has utidorlnkon to acrvo. The two Intend ia.Mir» (JhIv mid SepP ndw 
1046J contain useful short pajicni on “tVe of CV«rr- lat)r,i( in Lj.mblv C’mi- 
rol by Peter P. OiPaoln ond "Sc<|iieitliul Kanqiling In«>]M-rp..i« fur Atlri- 
butoB"by H.A.Frociimn. 


Worthy of specml mention is a paper by Marlin A. Hruml-iugl. in the 
Sep ombor 1046 isauo winch prcsenlu a cointwri-on of prr.H,*r and pre t-nl 
quality of the machine-shop work of rmo jilaiil that nd.,|d.MS Malr-lir;d r-ri- 
trol during the war Tho paper Lakes advnriUiKe r.f an nfr..r.l-d 

by hasty stonug of parts for a finn'e pre-war prmlucl „i„g in- 

speotion, when tho plant was converted to war work. At th^- .-ad of l),v war 

chief in!*iH-.;l.,r. vh., i„ rc' 

riZr nnl'r r” '"«hc ^ T-rord of lb- i-lliHi nry 

roBuleinir data JiM ° w Uruiiibaugb’s nf (hr! 

iuRW that o » r «’* ‘■""onl prmlMvli.-bnu. >l,ik. 

ns was na.nuebnml forHu.i.tival i-<.mrol 

ns was found m tho production of war innleriab. 

duSrtaf Q«i UuBlily Control l.:„Ki,„.r.rB nnd Ih- IM.t-r .4 /„■ 

elSthmott puM-atimi, It. 

and a groat amounrnn**^^! required imiiKii<a(i.i)i, iiiilialive, 

tolr„oHat al '««« «r .linieulti.., Its ,.di: 

its faults radniin^*-”''^'^ B hccij BOiiflO for llm iiccils of iu read-rH, and oven 
Its faults redound in cons.dorablo part to Iho credit of iU morl for thejl 
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must liavo known that tho conditions of publication made defects iiiovita- 
bio, and have consciously braved criticism for the sako of rendering a sorvicc, 
From the standpoint of serviccj ono of the largo contributions of Indmlrial 
Quality Control has been made through ita pages of news and notes. Largely 
neglected in this review because of their generally ephemeral interest, thcao 
items have been a valued foaturo of tho magazine, contributing substan¬ 
tially to advancoment of tho use of Btatistic-s in quality control tlirougli tho 
encouraginenb that people get from knowing what otliera of like interests are 
doing. 


Quality Control Reports, Nos. 1-12. Issued by tho Quality Control Program, 
CaniGgiQ Instituto of Technology, for OHico of Production llcacarch and De¬ 
velopment, War Production Board. Holbrook Working (Director, Quality CoH" 
trol Program; Professor of Pricca and Slntislic.s, Stanford UniveraiLy) and 
Bdxoin G. Olda (Asaoolato Director, Quality Control Program; Associate Profcaaor 
of Mathematics, Garnegio InHtibiite of Technology) Waalungton; OfTico of 
Production llesearch and Dovolopmonb, Civilian Ih’o due lion Admmisbration, 
1045, Gratis. Paper, 

No. 1, lutroducLiofi of SlaUstical Quality Control at Illlnole Testing laboratories, 
i/flnjcfi A. Fxzzdl (Suporvieor, ICnginccring Doparlmont, Illinois Tea ting Lnborntoriofl, 
Inc., Ciiicngo). Mny 1046, Pp. 8. 

No. 2j Organhatlona Concerned With SlatlsUcal Quality Conlrol, Holbrook 
unci Edwin G. OUh. Juno 1045. Pp, 38. 

No. 3, Stallsllcal Quality Control at the St, Louis Division of American Stove Com¬ 
pany, Lcdir A, Kaiiffvuiix (Director of Quality Conlrol, Amoiicnn Stovo Co,, Bt. Louia, 
MoO Angnsl 1045. Pp, 22, 

No. 4, Quality Control at tho Ltikas-Harold Corporation. Carl Q. Schmid (Mnnngor, 
Quality Control Dopavlineiit, Lukas-IIarold Corp., IiKHanapoHs, Ind,), August 1045, 
Pp. 10. 

NQ( 6, SlatlsUcal QualUy Control in Radio Manufacturo, Fred Trowbridgo (Quality 
Conlrol kiiRincor) and John T Ciorh (l^roduction Control ICiigincor), (HonLinol Iladio 
Corp., Kvanstou, 111,), Hepiomber 11I15. Pp. 12. 

No. 6, An Application of StaUstlcal Quality Control at the Hoovor Dali and Bearing 
Company. C. TroinUy (SuperviBor, Quality Control Department, Hoover Ball 

mid Beniiiig Co., Ann Arbor, Mich ). Soplomhcr 1046, Pp. 0. 

No. 7> An Adaptation of Stallstical Quality Control at Aldens'. James M. BaHowo 
(Mrumger, Inspections DopArtment, Aldona* Cliiongo Mail Order Co., ChiengOj 111.). 
Hoplonilicr 1046. Pp. 12. 

No. 6, An Application of Statistical Quality Conlrol at the John Deere Tractor Com¬ 
pany, Jj. L. Fay (Chief InB))cctor, John Dcoro Trnclor Co,, Wntorloo, lown). Soplombcr 
1046. l^p, 0. 

No, 0, StaUaUcal Quality Control at Lockheed, JaiiKs I?, Crav/ord (Manager, Manu- 
fuclurlng llGi)orlB Dcpnilinciit, Lockheed Aireraft Corp., Biirbnnk, Cnlif.) nnd Preston 
C. Hammer (Partner, Probity lOngiiicorB, Los Angolca, Cnlif.)- Heptombor 104C. Pp. 17, 

No. I0| Some Aspects of Statlsllcol Quality Conlrol in the Slocl Industry. Richard IL 
Edc (Carnegio Illinois Hteol Coi’Pti Oniy, Ind.) and Farl IK, Hohancy (MotnllurgiBl, 
YoimRslown Hitoot and Tube C'o., YoungHtown, Ohio). Boplomlmr 1046. Pp, 12. 

No. 11, DlblloRrnphy on Stallstical Quality Control. Dorothy ir* Goodfcllow (Editorial 
Ahuitilanl, OPllI) Qindlly (Control Piogriuii, Carnegie InstiUito of Tcohiiolugy). Heplein- 
her 1016 18. 

No. 12, Some Experlmonla lllustrallne Principles of Quality Control. Irviuff IF. /fnrr 
(AsBoelato Professor of M a thorn ii ties, Fiirduo University). Hoploinbor 1045. X^p. 12, 
Two reviewB /ollow: 
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Review BT CiRoHoi! \V. Hhow’s 
jRugareh Enginetr, R.C.A. AflW^ifnnVj, ,Y. J. 


T ne 12 Quality Control IlcporU IrtuPlIior r«inplilul‘<' n to iho 

aucccsa or tlio OPED Quality (l'<ir)trol rro^rani in aliiHishling inli^l 
in Btatistical quality control in war intluHliiria ond in EuMiitK lljn; nrj^ani^a^ 
tion of induBtriol quolily control projirami!. Tlio (|iigrr«> (.,< 

Boribors to the OPRD Program have l>cen roftaul fp<r Ibrir irii.f'rnl ia really 
Impresalvo, If these reporta represent an apprnxinmlely f^iir 'ainpl" of (ho 
general oxporietice of tlio organizations which nvailrtl (hi'giiavd vra r4 (lie op, 
portunitios offerod. 

Nino of the roports doscribo individiinl qimlily ronlinl njijdicnlinnsi pr^ 
sented by quality control, inaiwclion, and enginwing enfrullvra rdveriiig 
a wide rango in previous quality control cx|wsrience, ntniiMipnl iroining. and 
spooial fields, Avitli liio result that the reiwtrLa Pnirli n'cor¬ 

respondingly large vorioly of points of iiitoiTsI, inclu-litig pr«1.1r'ii!« nf of. 
ganiztttiou, methods of introducing quality rnnlrol techniqinrn fmr Uin liisl 
time, and dotails of actual applicatioiin. 

With rcapeot to tcolinical alalislicjil dcttiil;), Uierc is lif(|« that RtK-d he 
Bald about these reports. With a few exccpLiun^ lliey povsent ."itamlard ron- 
trol chart tochniquoaapplied to incoinjng maleriul, pr<)Cw» n.nlr-d, ninJ fiiml 
Inapeotion, The greatest singlo goin, in the iimjorily of |»rM*«'ni«J, re- 
Bulta, in tho reviewer's opinion, from the eoinbinnlion of iiicfo,ftfr,w| ouiphanis 
on quolily nt all levels with the cotilinuoua picture of (he piluft(i«n nffi-rdr'd 
by tho oontrol charte, providing a grapliio goal of grrnl |«.ycli.d..Kir,,| 
tanoe along with on inlelllglblo doscriplioii of Dm hUt-.ry nf (In- i.rui(-.a 
Other goins which follow are more or |(»ts of the nature, of improvcil 
tion emoienoy aaBooiabod with sensible ineaMuroumnl and t-ainidiiiK nr of 
spoolflootion rovision, made possible by knowledge of the Ptmisticnl u'hn vior 
of the process whon in oontrol. 


The problem of whipping an ouUof^sonlroI procw iriUi ronir-d iv of 
oburse, not subject to the routinizalloii that is prwible nl Dm odoT ronlrol 
tagea, nevertholess tho obvious question which nriww is U. whril oxlonl rati 

In Tl 7 "f ‘ho wrll-hliown b . hnlqur-s 

a d»„. M to .horlon llic U.oo M,ui,nl l„ „. » 

w ojdor .onW r« u„ fat ii„„, r„, o„„,oi„, t,,, |„,i 

tior* ex^nmontfl which, without acriooii intcrfcri'llri! uilh iimiIiic. 

1 ^ '“ihhiliiig the mrcli tor the 

BUTtace at huut'^'"*'*' hiiowit by tiro cuiilriil rlmrl. Uii llm 

to “'"*“''''•1 •( lha authnru iniiihl !«• .null' 

»»iTihuo „ ^ “■ «"■ ... 

form. approximate analysis of vnriniico in n pnrliculnrly »ji.ip|u 
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Report No. 1 is of particular interest in that it describes the quality control 
experience of n small concern, employing fewer than 250 peraona. In spite of 
the small size of the organization, statistical quality control was applied 
Bucoessfully both to incoming and plant inspection. In contraat, No. 0 deals 
with quality control on a gigantic scalo, with statistical control being applied 
even to the number of parts inspected. No, 9 contains a, description of n sya- 
tem of quality stamps for large scale operations; also of interest is aspooial 
Btatiatical study involving inner diameters inoasurcd at four separuto places 
in a single part. 

For a detailed description of the process of locating and eliminating nn na- 
signablo cause of variability, No. 6 is one of the better reports. There is also 
a nice example of a non-normal distribution, tho distribution of tlic values of 
resistors purchased to a given tolerance, the non-normaliby resulting from the 
manufacturera^ screening of resistors meeting a closer tolerance for other or¬ 
ders requiring the closer tolerance. The authors^ example of humidity affect¬ 
ing the quality of the product raises the question whether tho equipment in 
question was meant to operate satisfactorily under humid coTiclitiona. It ho, 
a change in design should have been necessary; if not, the proceduro adopted 
was satisfactory. This report also mentions the uso of correlation mothods 
and ^^t^' tests in special studies. 

No. 7 is unusual in that it concerns human cfTioiency alone, in a mail¬ 
order operation. It oflera an excellent example of the effects of exhibiting a 
goal and keeping orderly data in a convenient form, as applied to order 
cliecking and o/Rcc clerical work, where tho problem is confined to one of 
luanagomcnt and employee efficiency, without the usual tool wear and ma¬ 
terial variability. 

Part I of No, 10 is concerned primarily with correlation methods, rather 
than control chart applications, in preliminary analyses. It is interesting to 
no to the author's stated iutcution of exploring the analysis of variance and 
experimental design tcclmiqueH for controlled experiments. Part II is a do- 
tailed exposition (nob entirely clear) of the process of sotting up a sampling 
acceptance plan for process control at an intermediate stage, designed to 
reduce the amount of conditioning required ou BemifmiBhed steel bars. 

Nos. 3, 5, 6, and 8 are GBsentially convontionnl control chart applications, 
although No. 4 docs contain a few very mild departures from *^orthodox^^ 
American Standards Association procedurea, No. 3 coJitains a very intelli¬ 
gent disGUasion about setting the mean well enough to stay within tolerances, 
given the variability, and on required variability liuiita for a given tolor- 
anco. No. 0 conhdiis a control chart example where mcasuronionts seem to 
have been made to .001 when the tolerance was .002, tho coarse mcaBUio- 
nient rosuHiiig in a very queer-looking chart. No. 8 hna a good diBcuasioa 
of tlio problem of Hclling quality control to tho organization and initiating 
tlio program. The highway analog is a ratlicr amUKing one, comparing the 
paved portion of a highway with tho part between control limits, tho shoiil- 
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ders to tho pnrl between tlie control liniils ai«i the t'jv'Vifjirjiji'mj linii^auj 
the ditches to the piirt outside the fliK!ci(i« »li*.<n limit'#. 

No. 2 ia cfTectivcIy a history of the Ul'Uf) rri'Erom, liwling Biv^en 

and the organization a and individunift cninu'r:l<-d vi>al)i th## rriDrse/ 

The list of 810 organiznlionR j)arlici|m(ing i># rcituidy »n i;i<j<ri(<:i>.>iYn 
this reviewer nt Icoat. This rejrorl, anil Ihn bildiKgr.ojdA' JlNu. 11), lognlhcr 
make a uaoful auppleniciil to any quality r<-nlr«.d lihr aiy. 

No. 12 exhibits some lypicn] ilicc rxjH'riiiii‘nlt» tYJisch ilh^iir'ilf* v.'irious 
quolity control principle.^, Some of 1 !h‘ki! rx|K>n)?,Mil^ n-vHht II Ik* lifted 
as "muata" for individuola trppnmcliing f|iiali»y roMr«l fi<r th« ljr*<l lisiK*, t<i 
aoeiatin acquiring a firat liand feeling fur llm iwrtiiial i,/ #li,lii,lica] 

variation. It is pointed out that /)’.« of I /O, nr I»-«y, Kihi.xiinjhlr* i,iih a 
single throw of a dio, aro loo high to illa»lrnl<! pr.-trlnrnl frAr)jrin.tirf,.(.ijy„ 
situations; tho author then suggewts u»iiig dice «i(h nmre ^js ■i.idpji, or 
that have been “prepared." It isdiilicult (ti «w why llmanUinr isi >iIr.’U<irihe 
posaibility of compounding probiihililiias with pairs*. «<t gti -iPr numlK'rK of 
IhrowB, to got p'a aa low na clceircd. For wamplp, nilli Iw o ihi* i,foh. 

ability of getting two acoa is 1/30, the prolmhilily nf RfUing an fn:r and a 
two ia 1/18, tlio probability (litil llm oum ix at lhri*« in I /12. cir. U 
might also bo pointed out Ihnl random mindM*r i>iti h nw may In# ffmnd 
in Fiahor end yalos, pcrinil drawing aaniidtsa fri<m any |*ri'H'*MRii(*i| 
tloal distribution, although forsotno purpritf*!-** the irffwl mwy odI Im* quite os 
satisfying ob tho oqulvnlonl dice csiwriiiictil. 


Hbvibw nv Lena C, Vm-vi, 

QuaWy Control Siiperpwor, i\>'i f.mo 3 v,n 

SpringfirUi, M 


■DBPonr No. 1 dCBcribcs the quality wmlrul rnuh*l mit in a 

±1 amoll plont under war time condilionn willi nllenli..n r. nl- r.-<l rliii flv 

of eonirr.l rharl.*#, Mr. l icrril 
a that the lack of adequate nmintennnei* wnn Ihr chii-f i|r,nvl*Hi‘k lo 
combmod production and quality; the cliarla tho.iiH.lvr» pr-nvil ... 

nSon ■c-'fon of Blalialical melhc«|n pr.d.t.. r,f im-nninR in- 

mlhlZ.^ '""cased economy of operation. It ia inierr-hling ti. i,, ii.p 

... 

No. 2 contains Binmnary lisUof (iUciuliuirci nl Mir« . 

d« w byopRi) Q„u,y 

M rtilh i i„ II.,. , 

qp."t prcatolioMi .n.t™.u„ i„ i|,„ 
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of the Boveral quality control socictiea formed fia a result of tho courses pro- 
flented. 

Concerned with the control methods used in a medium sissed plant during 
war time^ No. 3 considers control of both variato cliaractoristics and at¬ 
tributes. The description of tho former is made somewhat confusing by 
refoTonce to a chart with incOTrcctiy calculated limits. A greutev part of tho 
report stresses control by abtvibuto.s, both in inacliiiiing threads and in 
assembly welding* with detailed accounts of tho troubles oncountorGd and 
the process cliangcs found nccosaary. 

Dealing with tho control of machining of parts for a very precise war in^ 
strument, where production and quality evidently far outweighed exponso, 
No. 4 contera upon a portion of tho inachiiiing operations and explains tho 
organizational steps found necessary to expedite tlie control program. Dm- 
pliasis is placed, duo to the precision of the work, upon control by variables; 
this is particularly of interest because of tho small volume of production 
turned out on each ordor—a sourco of complaint for many industrial con¬ 
cerns attempting the use of atalistlcal mothoda to control quality, llofor- 
cncQ to charts is made slightly difTicult by misplacomciit of tho nuinbcrs of 
the figures. 

No. G begins witli a genoral discussion of experience with statistical appli- 
caliona, and includes a fqw detailed comments on their applicability wlicro 
test error is high. A specilic example follows, well worth reading, of an opera¬ 
tion which was uncontrolled (from a Htntisticul viewpoint) and in which tlm 
controlled variation would have exceeded the tolerance, Solution of tliis prob- 
blorn involved tracking clown certain specified causes of extroiiio variation, 
and in tho use of modified control limits along tho lino of variatc-consumor- 
risk thinking which has become wide.sproad in Great Britain during tlio war 
years. 

Limiting liis report (No. 0) to a ringlo dimeiiHion commonly giving trou¬ 
ble in llie nmnufacbuio of ball bcaringw, Mr. Trombly describes his attempts 
to increase t!io degree of control over the form grinding of races, by moans of 
variate control chavts. In this case, tho charta wore also uaod fiubsequontly 
as a form of accoptiiiico inspection in order to reduce the amount of detail 
inspection given ball races; lots charnctorizecl by aamples outside tho control 
limits wero sent to tho inspection crib for detailing. 

No. 7 describes the reduction of errors iimda in filling ciistoineriB orders, in 
a mail order liouse, by means of dopartmciital charts showing daily ratios of 
errors to orders filled. Although the author ocaasionally interjects a note on 
the similarity of thi.s application to Lho.so of manufacturing, the improvo- 
inciits shown and tho manner in which coopovalion was oulistecl by display 
of charts leads to tho belief that oiiiployeo cooperation or conscienoo may bo 
Ijclbcr in niorchandising Ilian it is in industry. The description of the sim¬ 
plicity and directness of charting an error ratio, rcgardlcHs of the cause or 
typo of error, will appeal to those who have become lost in tho inultinoniinal 
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foreat while trying to accouiifc separately for a variety of quiiliLy cluirnplor- 

The two examples of improvement in quality which sre tlcHcrihctl in Xn. fi, 
dealing with the control of maohining processes in n trnclur fiiclury, rriire- 
sent appropriate applications of tho inelhotls of vuriahlcs and iillnlmlrrH: 
the former, in the treatment of readily measurable exiieriHive piNltin pins; 
the latter, in reducing rejects of tlircndod nuts made on nuloiimlic pcrew 
raachinea, Although the latter operotion is one wliieli is coiiirnonly cncomi- 
tered in industrial statistical literature, the account in iintnbly elruiglit for¬ 
ward, praoticel, and interesting in its detail with regard to (^aiiijdiiig pro¬ 
cedure. 

No. 9, a report of statistical applicolion in an nviftUon plant, is note¬ 
worthy in two reapectsi tho wartime rcquiramcnt that the quality of ninny 
key parts be assured is more applicable to post-war produclioii in inrcraft 
assembly plonta than in many other war plants; and the princiiial oxnnirile 
of statistical solution of a innnufacturing problem ia one in which llu! .solii- 
tion rests upon the statistical rannipulafoii rntlicr llinri iijton cUKtoiiinry com- 
mon-sense consideration of inspection data,—n di.sliiicLloii which is Icsh 
pronounced or lacking in the majority of current cxiMwilion.i on lliM .‘iijhj^Tt, 
Tho use of a "quality audit” form in reporting deparlmciilnl IcvcIb of ipmlity 
and hnprovoinenti coinpamhlo to an expense and budget Klulcmciil, aervos 
to relate the technical and tnauagerinl phosca of quality control in a ])nu:lii>ol 
and convincing manner. 

No, 10, composed of two parts,—ono dealing with iho open lumrtli and 
pouring variables of molten steel; tho other, with tho rolling nnil skin roiiili- 
tions of stool blooms and billots in process,—is a study in lliu iiiduslriid 
application of correlation methods. In tlio first part, Mr. hido ilescriliuK bov- 
crnl problems in stool manufacture, most of thorn concerned with l|iu i;flr(!«’t 
of chemical process fnotors upon the quality of steel in procc.Bs, and expluina 
tho mothod by which each was solved and an iiiiprovomont iiinile in tlio 
process. Omission of tho details on tho trials and technical thought underly¬ 
ing the selection of method incrensoB the clarity and brevity nf Ihia acidion, 
but detracts from an appreciation of tlio complexity of tho problume. In llic 
second part, Mr. Mahanoy starts with the surface cliarnclDrinlicH of alccl in 
process ond considers them as causative factors in the doteriiiiiuilion nf 
finol quality. A reduction in process time and expenao is doinoiislrtilcd by 
means of a sampling plan centering upon ntlvibuto iiiapcdion of work in 
prooess. 

No. 11 is a bibliography divided into three Bections, of which the first is 
devoted to articles on industrial stAtistics and quality coiilfol. Tlii« w'otinii 
is the most oomploto listing soon by.tlio reviewer, and in liuidahht fur l!i« 
saving in tlino luid oilort it ivill afford thoso ncoking inforiiiatioii and nxnin- 
ples of statistioaL control in specific indimlrial lieldu. Tim HUennd rmdii.n 
lists a number of technical publications wsiicd by industrial iiritm mid iiihli- 
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tufcions, including thoBO of the American Standards Asaociation, the Bell 
System, the OPRD reports, and others. Tlie third Boction lists books “sug¬ 
gested by men in various areas of statistical quality control ns having boon 
useful to bhem.^* 

No. 12 describes some experiments with dico, paralleling the control chart 
accuinulation and judgment of data. In this capacity, the roport bridges 
the gap necessarily left in the Ainoricau Standards Association war etaiid- 
ftids on quality control; by using a background of purely ohanco causes, tho 
author delivers that conception of control needed by any novice in industrial 
Bttttistics. At one point, Mr. Burr discusses tho errors made possiblo by 
stratified sampling as opposed to rational sampling, and domonatrates by 
rearranging the saino data into both types of eamplo. Although tho error 
(of overestimating variance) is real, it is implicitly blamed upon the method 
of sampling, whereas it might bo stated more validly as an error in tho sta¬ 
tistical treatment of data, The report also Burvoys, by means of similai 
experiments with dice, tho field of acceptance sampling. Tho constant syatom 
of cau.ses is used to show that an occasional eamplo may bo so good as to 
justify reduced inspection, but that flubsequont samples inspected under 
these conditions will booh cixuho reversion to increased inspection for tho 
spcoific sampling plan and process average under coneideralion. 


SyjiipoBliim of Papers on Statistical Quality Control, Birmingham 3, England: 
Quality Control Panel, Birmingham District Production Committee, Ministry 
of Production (C,M,L. Building, Great Charles Sb.), (Marcli lO'lG]. Pp. 7(i. 
Gratis. Piqmr, 

Introduction, Quality Control In Industry, pp. 2-4. IK, A, Z^cn7|fit (Works Miinagor, 
English Needle and l^'isbing Tiioklo Co., btdi, t3tudloy, Warwlckehiro, England). 

Iscturo 1, Direct Measuromenl, pp. 0-8. E, //. Hcaly (Mnniigomoiit Consultant, 
Onviok, Orr and Pailnors LUl., 7 Pork Lano, London, W,L). 

Lecture 2, T^umber Defecllvoa, pp, 0-2X, 7^, /. (Besoaroh ChcmlBt, Joseph 

Liicns Lull, Groat King St., Birmliiglmm, England). 

Locture 3, AppUcallon and Organlsatioii of Statistical Quality Cojilrol in a Light 
Englneorlng Plant, pp. 22-37 B. S, ^^QNauQ}\ion (Chief Inspector, llcroulca Cyclo and 
Motor Co., Minor Works, Birmingham 6, England). 

Locture 4, Part 1. Practical AppIlcaLlon of Statistical Quality Control in the Press 
Shop, pp, 3B-30, IK, N. iJafc<rr (Technlonl Aafliaiant, I.G.I, Motnla, Ltd., Witlon, Binning- 
ham, Engtrnul). 

Locturo 4, PaiI 2. Tho Practical Application and Organisation of Statistical Quality 
Control In Deep Drawing Presa Shop, pp. 40-44. //, C, Wchb (Chief Inspector, I.C.t. 
Motolfl, LUl.). 

Lecture 5, Sampling Schomos for Number Dofocllvea Inspection, for Quality EsUtvia- 
Uon of Single Lois, pp. 45-00. A. Tt'. 5u*afi (Tho United Stcol Gompanios Ltd-, 17 Wost- 
bourne llond. HhcfTicdd 10, England). 

Locturo 6, AsBOclatod Statistical Tochnlqiies, pp. 07-74 J. TK, RoilgerA (Chiof Motnl- 
lurgisl, Englibh Necdlo and Tnchlo Co. Ltd.). 2'uro repieio* JoWowt 

lli-jvinw IIY In VINO W, Bunn 
AflttfjciVdff VrofMor o/ Maihcmaiic^t Purdm UnivcrBiti/ 

T hih liook iH a ({(illcdiion of impoiH diHcuH.sing the iipplication of BbatiBbioal 
inutliodB of quivlily control to induHtrial probloiiiH. Tho ojMiniiig pivpor is c. 
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good general introduction to Iha problcine of wlioro nnd how lo uho Iho 
methods in a plant. Mr. Scaly's paper 0J<p/alii8 clearly the of iiioaffurc- 
ment control charts and tho rclationHhip of control limitft nntl apcdllcaLionff, 
bringing in modifiod control Hmita> Mr. Dcsiuond givea tho typicnl ftpplica*. 
fclon of fraction defective and then dificiiHaes the ndvanlngos of UKing n 
compressed or narrow tolerance and studying hy chart tho nunihrr of enno^ 
outside tliGBO limits. In this way there are enough ‘'rcjccln^ Lo ennido tho Uf*e 
of small Bamplea. Both papora nro well illuHtratcd with diagrainfl niul j^liop 
probloma. Neither paper would bo quite complete for tho hoginnor, hut Ijolh 
oontnin useful matcrlaL 

The three application papers nro excellent for prcaenliiiR the kinds of 
problems which are mot in practice, tlioir Bolution and Iho general crnnrmdc 
value of control chart methods. An industrial man will find irmny useful 
tips and adaptations, such as, a Bainpliiig coniproinifio (lai^L two iiiecrs from 
the machine and three at random from tlifi tote box) and tho group conlrol 
ohart for automatics (McNaiightoii), the oxtenl of nppliciilujna (Haker), 
and the econonnic decision of when nnd when not to use the uititlRid« 
(Webb), 

Mr. Swan's paper disouBBCB the problem of cloHigiting Miigle uTicI dtiuble 
sampling inspection plana for attributes. The aim would «eciii to bn lo hnip 
one design his own flampling plan. The general outline for Bingle HtnnpliJig U 
(a) to choose tlio maximum number of pieces wliidi can be cnlltHl a hit, (6) 
to decido what is the maximum perconlago of a lot vvhicli one can nOTorfl Ui 
inspect, (c) to determine tho procosa avoragoand decide ui>on the pruclurfr’a 
risk at this Icvcb and (d) to decido what ooiiaumcr’s rlak to UHhUiuu for 
Boine to-bG-detoTmined lot tolornnco fraction, Thero will then he Huveral 
clioicea of pairs of samplo size and lot toloranco (|Uidily. Tim iirucUral 
choice can bo made to ininiiiifzo tho former or (o uho the (tnvohl vitiuu 
of the latter, This ig an iiitcrooting approach ami may well ho that dn- 
Bired by some oporators. The paper is not, however, very clearly wrilteji 
and in particular it ia difTiculfc to find out wlmt ninthoniaUcfll mclhuds were 
used in the derivations. For example, tho Polwion, hinoiiiinl or liyimrgni- 
metrio distributions aro not always indicated, Urn biiyiff of Table IV ia nut 
presented, nor aro thero adoqimto references. On page 50 after Tftidn III, 
there seoniB no particular reason why a snmidc for 105 and lot loleranee of 
6 per cent would not bottor meet tho author's dcsiroR. 

Mr. Swan's double sampling plan involves two etiunl sninploH innking up 
the equivalent of a single samplo. This may or may iujI ho un erfiUnmiral 
Bot-up. The section "Operating a Double Bumpling Sy#iloru" cnnliuHHi iwii 
aoriouB defoots. Tho OporaLing Clmraotovislic of a prnccHS is way in 
which tho quality swings up and down about an average pere^uiUigc of di*- 
feotivea." The point is that even whan tho quulity lovH is hlabln at i^jiy I 
per centdofootivo, tho fraction defootivoof lots nfilunlly hci»L will vary around 
this level in a random and well undoratood manner. Knowing tho prohaliility 
of acceptance of a lot of any given fraction nnd tho probability of occur- 



BOOK KEVIEWS 


123 


ronco of eucli a level, then one can by using^tlio latter as weights find an 
average outgoing quality for tho manufacturing stream which is under 
control at 1 per cent. Average amount of sampling inspection is similarly 
available. Mr, Swan errs^ however, in using as weights, not the probability 
of such lot quality levels, but tho probability of such sample lovols. Hence 
his averaged results are meaningless* 

The second point is that it is actually unnecessary to use tho weighting of 
probability of occurrence of each lot level, because if the process level is at 
1 per cent this gives a constant probability of occurrence of a “pass” samplo 
and of a “reject” sample a priori. The sampled part of tho lot is not correlated 
at all with the romainder of tho lot (if the process is stablo at 1 per cent). 
It is as though we were to take a sample of 160 consecutivo pieces from tho 
process, make our decision to puss or reject and then to chooso 850 more to 
complete tho lot, Tlie quality in the remainder will average 1 per cent in the 
long run regarcUe.ss of what has happened in tho first 160. Looked at this 
way it is a most aimplo matter to calculate the average outgoing quality. 
The method using lot quality weights looks convincing, sensiblo and correct, 
because it is. But so is tho above simpler method, The two give the same 
results because both are correct. 

Mr, Swanks paper has many interesting points for one familiar with say 
the Dodge and llomig tables (reviewed in this Journal 40 (231): 382-384 
S M5). It is scarcely safe nor clear rending, however, for one relatively un¬ 
familiar with sampling inspection by attributes. 

Mr, Rodgers primarily discuases two topics: tests of normality and analy¬ 
sis of variance, Noiiliei topic ia discussed fully enough to bo very helpful to 
tho practical man. Ranges are used for the analysis of variance, which is 
useful. It is not possible to check upon the accuracy of the suggested methods 
since the interpretations, tests and applications to be made arc not indi¬ 
cated. 

Tlie book as a whole has much of interest to well repay careful reading. 

Review hy Paul Peach 
huluatrial Slaiisticianj InsliUUo of Staihiics 
University of North C7aroK«a, Raleigh 

D uhinq tho war both British and American war agencies found it worth 
wliilc to promote the use of statistics in iiulustry. In the United States 
the War Production Board and the Oflico of Education organized short 
training courses in statistical quality control; there was very little supervi¬ 
sion of actual factory insLiillations. In England tho Ministry of Production 
and tho Ministry of Supply gathered togetlier a number of qualified per¬ 
sons and set up consulting groups, or panels, whoso services wore made avail¬ 
able to industry and who, it appears, worked very close to tlio production 
line. As ]iart of thoiv odiicatioiiul program they presented lectures on indus¬ 
trial applications of statistics. This booldol gives six lectures of a aeries of 
eight prcBontcd in Birmingham in Junc-July, 1014, 
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The content of cnch lecturo is mclicatod hy iIh iHlo. Ah miKht liuve !»non 
expected, the treatment iaBoniewhnt uneven. Tim tliird and ffinrlli Jnetures 
are severely practical; the otlmr four nre more Umnri'imid, iu)t objec¬ 

tionably so. Tlie Iccturcfl must Imvo been nflfci^livo aitd Hucmsfnl, hut in 
printed form tliey will, in this reviewer’a opinujn, Im Inlrrenling tdiiefly aa 
history, not as refereiico or tcnchins nifilcriah 

For illustration, consider the last FcnlcncR of Lticturn I, by Mr. .Sraly, on 
control cliarta formeaRUrcinenU: •‘Theleclurt! wnn then illii>^trntr*fl by ,H‘vi>rul 
examples of charts taken from actual factory pmcUcf^.'* Tlin p^^^:^■ntalinn 
and diBCusaion of theao charts must have |jc(?n nne nf llm lii^hli^liN of the 
meeting; but nothing more appenra in the printed verHienj. Ib n* in an ox- 
treniG instance of fcho difTcrence between writing for nmderH ami wriliiig for 
hearers, The apeaker uses not merely worda, but ijiflc(!linn.“, gi’^tnro, ciii- 
phaaia; ho probably has a blackboard linndy; be luR audience reaction 
and Tnodifiea his preaontation accordingly. Tim «lciuigrapliic rejoTt nf n lee- 
turo, whipped into shapo for publication, often a]»iiearw trenmmluuHly t^ver- 
condensed, simply bocauao eo much of the ancillary minvcrlml r'xjHiyilfdn is 
lost, 

The present pamphlet 8V\(tcra from Ibift defect, A second nbjecUmukble 
feature has to do with tho figiirca. Save for those of Webb and Ibikrr, each 
lecture is illustrated with figurea and cliarta, In Seftly’a lecture Ihn ligurcs 
are dispersed through the text, but for il\o rest idl fiKure?? arc eollectrri in a 
sorb of appendix to tho lecture; this makes for awksvnni rendiiiK’ Tlic awk* 
wardnesa is increased for Amorican rcadors by the uho of ic in^luad iif U for 
range; the rofcroncca, too, arc chiefly to British Bourcca. 

Tho lectures by Scaly and Doamond prcacnl familiur elenuudary princi¬ 
ples; thoae by MoNaughton, Webb, and Bakor arc practical talks which 
miiab have been very clTcctivo when delivered and retain muc h of Uit'ir rtb 
fectiveneas in print. The eixth lecturo, by Rodgers, irmnliium briefly a few 
more advanced statistical tcohniciuce such as the chi-Kipnirn tcht and the 
analysis of variance. 

Lecture 6, by A, W. Swan, was of j)ftrticular inlercfll to Dm revicwi-r. It is 
a disoUBsion of acceptanoo sampling for lot-by-lot in^pecliiui. Swan given 
credit to Capt, A. IL R. GrimBey, Military College of Hcioiicr, in (Muint'i'liun 
with the single and double sampling plans hero prcHcutcxL Tlur?^e plans are 
based on tho ratio ^^Maxiinum Allowablo/Praccsa Average/^ a« arc* the 
Bodge-Roinig tables of 1020 and a tnblo rcceuUy devised by lha writer mid 
a colleague; the Swaii-Grlmsey single sample tables uro nnl eapecially com¬ 
pact, and overlook the simplification that can be ublaiued by U'^ing chi- 
squnre. Swan and Grimsoy also projjoso the uhc of Uvo tupial t^mnidcH fur 
double sampling, thus again anticipating this roviewer- Tim Kw'mi't irinifiiT 
double sampling plans aro arrived at by iriid and error, wiili rf)nhiili'rfd>le 
computation. Ko adequate tabloH aro given. Ilawevor offoeUvn Dm Hjinkrn 
leaturo may have been, tho wtition presentation is difTicult to ftilhnv. 

During the war tho need was for quick roaull^ at any cost. There \va^ no tinio 
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to give really fundamental instruction in industrial and engineering statia- 
tics. The higlily condensed material and intensive instruction of war days 
will no doubt give place to the slower, more orderly and more thorough train¬ 
ing of cnginoerB and others in atatiatierd science as part of their college edu¬ 
cation. The lectures of the present pamphlet served a purpose, and an iin- 
portant one; but the pamphlet itaelf, in the reviewer's opinion, will have little 
utility in the postwar period. 


laduaUlal Experimentation, fC. A, Broianlcc(Directorate of Ordnance FacLoricB, 
Explosives, London). Memorandum No, 18. London, ^,0.2; S.N. 7 Branch, 
DirccLojato of Royal Ordnance Factories (Explosives), Ministry of Sii|iply, (The 
Adclphil, 1946. Pp, 87, Paper, Two reviews followj 


Review dy John W- Tukev 
AssisianL Professor of ilfai/ic?aoiic8, ZVinceion University 

T he PURPOSE, scope, and origin of this pamphlet aro clearly expressed in 
the Foreword (italics ours): 

The present raomoranclum has grown out of an appreciation of the de¬ 
sirability of eubjcctlng experimental rcBulta to n critical statistical tost of 
slgiiiricanco, It was evident that a convenient account of the slrnlghtforward 
tests of Bigniricanco, written from the point of view of the individual wlio has 
to a])ply thorn in praotioe without ncccsaarily a full knowledge of theif theoreti¬ 
cal bacfcgroundt was not readily available, and an attempt was tlioroforc 
]nadc to prepare one. As this work procneded it hccamo evident that, to 
aiuily testa of slgiiificauco economically, tlm expcrlmonta had to bo planned 
in appropriate forma. In its present form, tnorefore, the Memorandum 
is intended to bo a guide to the planning and interpretation of oxpcrlmonts 
on the Industrial scale, and it is hoped that its conttmts will ])GCOino part of 
the everyday technique of thoao who carry out such oxporimenta. 

Tho author hag carried out this task with clarity and preoiaion, using 
chemical ongiiiccring examples. The pamphlet can be liighly recommonclod 
to all interested in industrial experiment aa a satisfactory manual of Fisher¬ 
ian statistics, It covers the sigiiificancc of means, tho comparison of vari¬ 
ances, tho x’ test, the analysis of variance, correlation, regression, and fac¬ 
torial experiment. It should prove particularly interesting, of course, to those 
interested in chemical engineering problems, but workers in other fields will 
find transfer a simple problem. 

This is a brief manual for those without a full knowledge of the background 
of the tests—in short, a cookbook. It is a very good cookbook, whose rec¬ 
ipes Imvc been developed in agricultuio and well tested in many other fields, 
but it is not, and could not bo in so short a space, a troatisQ on the physical 
cUemistvy of cooking, 'rho average eook'vng problem can ho solved with a 
cookbook—very many industrial problems can be satisfaetorily solved i)y 
iiicclianioal uso of these well-tested statistical procedures. 

The disLincLion between statistical signirieanco and praelieal signiiicanec 
is nowlioi'Q made clearly and prccisoly. The manner in which confidence inter- 
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vals nvo ubccI vn eaiue diucut-vMtmrt indicfitrw tho niithof'ii ftpprnidution of thi® 
rtiiterencQ* yet there ia uo <UycaHMOu of what lo rln if an iiriuiediate decieioa 
must be based on BtaliBlipully iiiRufTicient data. There njUMmrH to he nn, uiuIuq 
tDiideiicy to believe nil effects fccro luUil ntalihticaUy provc<l otherwit^e tiwi 
to leave no place for pntflUel exjK'ricttCc* 

The brief disciibaion of control chart proccdurcw ^ivc« little jt^'hlnnco in 
choosing between control chart and ViHheriau mcLhotlfi iu a s5H?i'ilic iuslnncD, 
yet nmriy of the exarnplea which the nulhor Ircnlw hiniply ainl ilirccUy would 
be diflicuU or impof?aiblc to Ircat by cimirol chail iiuahodH, T*ho control 
cliart procedure was dorigned ami ir fitted Ui htndy ptocck^cm wliinli arc or 
should be in control—that Ih, the vnlnr^a rc^oniblo n riimhnn Hnm- 

pie. The Fifihoriiin methods AVore clCi^iKncrt nrid arc filled In i^tiuly proresj^ea 
Avliioh aro not in control, but whore fUiMlhiTy data or llic ronimoiro of ihe 
uncontrolled offccts allowu tho partial l 1 'c]mr^lli(Ml of diftcrcjil t‘ffccl,w. TJiia 
distinction ie finidaniontah 

In general, the possible ubc of niolhods Uaf^ccl cm urclor nlntiKlh'S Ik given 
insufficient consideration. In pnrUeular, the “innxi/iiuni rflirieiioy” of the 
variance is stated Avitliout restriction on [rngo 0. 

This is, of courecp related to the generni tendency to n^Hiiiiio nonnnlity. 
Many small orrors operating imiciicndoiilly are jt/iid to prorluce noniiulity— 
no mention that fclio effects must behave fltld^tiv(»l3^ Tlin gcmernl prinriplo 
IB enunciated {p. 11) that departure from iioniialily ihuhI bn ”very severe” 
before significancG tests bocoino apprcciulcly iuact^nrato. 'J’Iiim Ik nnL tha 
caaofor Bartlotl'a teat for the hornogencity of varinnr(‘^^, whirli ili ^rriliod 
on page 18. The oxaiaplea of pollifc on pagoa H, 28, niul HI dn imt M'ctii to 
represent oven nearly normal distribuiiunH, Tltiw ifl mit RuriirifriaiK, ^^ur(« life 
ia rarely normally dUtrihutcch 

III carrying oat the analysis of varianco, the pr<icetlure m<cU m lo 
doubtfully BiguifiGatifc meau squares cud, if they are uni niKniliciiul ul tho 
6 pot cent point, to then pool them into a new cstimntftuf err<tr im'iiii Hiuntc, 
The possiblo pitfallfl ia this proccBS require much careful conMderiwlinu. Tlic 
■estimation of contributions of difforout aourci^ li> vnrmnw in dmin in n biini- 
lar way, making tho flab assumpbion that each a' i» eiilior unlnully yrUro or 
etatisticivUy significantly different from zero. 

By requiring a minimum coll frequency of 6, tho author ri^lricds the UKcfill¬ 
ness of to what now seems to bo an oxccesivo extent. 

In (liBoussing variance on page 25, llic author stalCK iiiire^^ervedly Hiul, if 
sevcTal factors conlributo to a variaiico, blieri that variaiicn is the Mini fif the 
component variancos. Thia statcinont tacitly nSHUiurs Itml the fnclnr^ an* 
indoponclent and that they act adtlilively. 

In diacUBsing tho two regression liiiofi on page d3, the aullinr rdub's Hint 
ho 19 concernod with prediolivo rolatloiiH and not willi Hirneliir/d n-hilitoiK. 
Tho reviewer cannot nocopl this ns a gciioral principle iuhI feviN tliut (lierii 
are many probloine of ohoinical engineering where tlio Rtructiiral regre^ fioii 
la important, 
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On pttgo 34, the author asBigna a certain component of variance to "bag¬ 
ging the inateriaL” WJiilo this is possible, it seGins more likely to be asaooiated 
with tlr process of taking samples. 

This pamphlet has now been criticized on several lines. But—the reviewer 
knows of no book to which the reader may go for a bettor treatment of these 
critical points. The faults are those of the current statistical literature, not 
of this painphlot alone. 

On page 17, the author inakc.s his only direct slip. lie uses a two-tuilcd 
F test in eoinparing two variances without stating that the C per cent level 
has now become the 10 per cent level, and so on. 

He VIEW hy J. Wolfowitz 

Institute of Slatialicaj Univeraity of Horth Carolina^ Raleigh 

T HIS short book is intended as a dcaoriptioii of the more important statis¬ 
tical inethocla suitable for use in chemical manufacturo and is written 
“from the point of view of the iudividual who has to apply them in practice 
without necessarily a full knowledge of their theoretical background.'' 
Within tho compaas of eighty-seven pagc.s it discusses a wide range of topics. 
After several introductory pages designed to explain atatiatioal fiiiidainontala 
conics a chapter devoted to the ^test. A brief cliaptor discusses estimation of 
tliG variance, both by point and interval. Chaptors on the chi-square test, tho 
analysis of vnriunco, regression, correlation, and factorial design contain tho 
cluHHical material to bo expected in sucli a brief treatment. Two pages are 
given to a discUBsion of tlie quality control chart for ranges and inoanH; in the 
hittor tho control lines are located by using tho cstimato of the range. Hour 
tables are reproduced from Fisher and Yates and one for control cliarts is 
reprinted from Dudding and Jennetb's British Standard. 

As another statistics book written as a manual tho present one coiiLaina a 
number of examples drawn from tho chemical industry, and is a handy co]u- 
pondium of a number of computational procedures. The author is obviously 
enthusiastic about the applicability of statistical procedures to the chemical 
industry and anxious to encourage their uso. 

A question that merits raising is whether this typo of book ought not to bo 
written somewhat diffcrontly. This roviower would prefer to see more em¬ 
phasis on fundamental ideas. The assumptions underlying each tcclmi(iuo 
sliould be clearly expressed and carefully described. While tlie mathematical 
argument which leads from asBiiinptions to conclusions should bo omitted 
in a book written for the sort of public for which tho present book is intended, 
it is still possible in most caseB to explain tlio fundamental asHumptions to 
tlie intolligenb layman without recourse to any comjdcx mathematical ideas, 
If spaco is lucking, it soems desivablo to LIuh roviower to obtain it by reducing 
or eliminating tho considorablo detail in which coiiiputationnl tccliniquo.s 
arc usually described, since iniHapplicabioii of HtatiHUc!il melhotlH in more 
likely to bo aerious than the use of inoflicicnt computing teclnruiucH. Much 
circumlocution could bo avoided and considerable clarity and precision 
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eaincd if fonnuino wero stntGil in aignbmio „„ti „ot j 

words and computational procedure dpsigncij in I,,, imitaif.,! OmU^i “ J 
mathoiiiatica implios to the roviewer's mi,id (Im m,,=«,!„„ of imillu.Vn '.'! " 
idGoe or orguinenta of nay complexity; ll,,. knnwIedKe rwjuired tl. n 
olomoatary algebraic eynibolism in whicl, ll.e el,n..ieiil aimiMtie-d fnr 
are exprosacd is now tnuglit nt n comparatively early age uiid i« , 
the knowledge of a largo ecclion of llio ]Kipiila(inii. 

The present book contains a number of errors, whieli urn ilw.. 

in tutank i. 

trmning to be competently critical. A few examples follow: ^"'‘'"'•''1 

a) No distinction is made botwoen llie ]H,piitalioii vnriiiiiee nn.l ii.. i 
estimate, either in syinbolimn or in the text (ef,/.. bottom of 

b) The outhor fade to rcrilizo Hint a iioiuiluiioii ie,r,o. i - i ■' 

mated is not a chance variable. Thin oeeurH in n iniioi.er of phleeH-'forrx 
pie, on page 14 the author statcH "... the mean Ioik a int ' rl.' *^,7“.’"' 

critical region under the null liypolhcRis. ' ^ ‘ ^ 

2:Xit:?Lbr“ 


auir of tbo Ministry of ABrioulUiroim'd'l'iHCri;!*"' Nnlnrnlint n,. 

Association lilfivTaKri;; -’r or 

/alfo^o Castle, ^045. S’llw 

KS'Sa™ 0....0 or . 1,01 ... 

nificaiiCG for 2X2 tables and for 8^111,1.117^ «"»eiTiicd will, leuin of rig. 
author addrosBos himself to people wit i Htlt'r l'"l'ulnlio„H. 'I’he 

It being h,fl aim to encourngo’^roator nee of li., k''«'vl«dgu of hlnlislies, 

»«.oy ro.„„i,, wMi. 
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Gapceially ia this case because the author's metliodology is excellent, the 
beginner is warned not to read this booklet for his introduction to statistics. 
The Bcnteuces arc complex; the ideas arc expressed in very general language; 
and many technical terms of statistics are used without explanation or defi¬ 
nition. 

For Btatiatioians, the booklet may be described as an elaboration of 
Fishor^s treatment of 2X2 tables and binomial populations in Ida Statislical 
Methods for Research Workers. Exact and approximate methodH for com¬ 
puting probability levels nro fully discussed and illustrated, The author 
urges rogcarch workers to report exact probability love la rather than gtato 
merely tliat P is legs than .01 or between .05 and .01 for example. To tins 
end he does not hesitate to recommend quite burdoiiaoine arithmetical com¬ 
putations when there is no simpler method of obtaining the exact value. 
Most stntistioiaiie would be less insistent on this point, 

A table is provided of the exact probability distributipna for 2X2 tables 
in which one pair ol marginal totals tiro equal. Distributions are given for 
n^2j 3, ■ ' * , 15, 20, 30, where n is one of the two equal marginal totals. 
The table would be quite useful to research workers who commonly encoun¬ 
ter data of this kind. 

The author also presents an interesting technique for combining several 
experiments in one teat of .significance when the data are not safnciently 
homogeneous that they can Ijo combined directly. The method conaiafca of 
finding the normal deviates corresponding to the probability levola of tho 
sepiinitfl oxpcriinonba, thou tea ting tlic hypothesis that the deviates are a 
random Hamplo from a normal population with ^^oro mean and unit variaiico. 
Thifi motimd would be used when tho deviates could be given meaningful 
signs, and would in tliis circumstance Im preferable to Fishoi'n metliod of 
taking minuH twice the logarithms of tho probability levels to bo chi Bcjimrca 
with two degrees of freedom. 

IIBVIBW BY MiLNKU B, SciIABFEa 
Instructor in PisherieSf University of Waahinglon 

T uts booklet denis witli enumeration data, arising from parallel trialB, to 
which may bo applied teats of significance based on tho fourfold table or 
on the binomial distribution. Throughout, tho result of two parallel trials 
is considered us tho di/fererice between tlie number of tiine.s a specJ/icd 
event has occurred in the two trials. Significance is judged by the prob¬ 
ability of tho occiuTonco under a null hypothesis of a difference at least 
as great as that ohsorved. rroeeduies are given for computing this prob¬ 
ability exactly for the fourfold table and for the binoiuial seiies. A talde 
of logarithms of the binomial cocdicieutH up to 50 terms is included and 
groally facilitalcH the coinputalionH, For the ease in which the num¬ 
ber of individuals, n, is the Hamc in the two trials, tallies of tho prob¬ 
ability, r(d), for all values of tlie difTerenoo are given for 71 ^ 20 , 

n«30. In addition to the exact methodH, several inctlioclH of appioxi- 
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^ „.„J for tho fourfold liiblc. A inclluid of a])- 
mating to P{d) WQ domonBtrtt biuoiiiiiil soricH nbovo a given 

proximating to the sum of tho geometric Boricn, tlie eoiimion ratio 

term is piosented, based on ^ tbo binoiiiinl. The tcaling of 

of which ia estimated J „( trials, and the coi.iljin alien of 

the liomogonoity of rcaulba fro lieterogcnnouH arc briefly 

results from such trials when y manual of procedurcR. 

The material is presented numerieal examples are 

Each "test" is presented P . )„ indiulml a RCuliim on 

given in each case. Toward tealing far HigiiilinniKie in juirliciilar 

sauggestions as to choice of method for tea J ^ ^ 

cases," wliich will to which the varimm nmlhoilH may bn 

section gives examples of problems 

.ppued, Th. ,.,P u,.. «■ 

oal notes" near tho end. This inotlioci l oinphiy Ihv. b'hts in llio 

the procedures by go„,o unity of Hulijnct mutlnr i.** Umri'liy 

annlysis of then own dat . H.o'i.iterrclnlioiiRliiii.s of the varloim Ki'ctimis 

lest, and it could be wi^md that» 

had been more cleaily md • ^ imlividiiuls 

in section 6 for eomputi g ( ) j individuals, mid, 

" m^dCrotlio-sia as a basis for tesU of Hignif.eance ia diHeuRM..l in Iho 

SsttalllW irgll'underlying Ibe .uallmds of 

^^Tlmeximples omployod in illustrating the procodnn-H am drawn '’ari- 
ous ^rSms arising in fishorios Btudies, but the inclhodH will bn found 
generally applicable m other fields- 


StatlstlcBl Methods In Quality Control. l\ C. Clarke an,} G. It. 

^tion 20. Lanaclolo, Pa.: Hunter Prousod Slocl Co., lOi.)- 1 p. I'H) Ip.iKih.Uun 
irregular)* 


IlEYiiaw hy Q. 11. GAHAtJ 

Bell Telcphom LahoratorieBt /?«?.> New ) orA, A^ ) . 

mniB book presents in looaoloaf etylo o doscriplion of Urn ipialUy cimlrol 
i methods whioh hiivo boon found visotul by tho IXniiU'r TrohRi't! tilorl Cmin- 
pany. Tho pages are oxaot roproduotioiiH of data Hhoela wliieii won* iiri'iinmil 
by the company for their inspoctors and inaiicelor Irniiu’nH, ladiig in large 
part Bpcoifio operational procedures to bo followed by the ina|n-c.Lion per- 
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fsoJBicl. As each, the book lacks some of the continuity which is desirable in a 
textbook. IIowGVGr, the simplicity of presentation and the wealth of prac¬ 
tical illustrations sliould moke the book of much value both to the young 
engineer wJio is starting out in tpinlity control work and to tlie fconohor of 
industrial statistics. To tlm young engineer, tliifl book, fiiipplcmentcd by one 
of the standard texts, should be invaluable in bridging over the gap between 
the more abstract considerations and the practical applications. To the 
teacher, it provides both techniques for the presentation of some of the fun¬ 
damental concepts of quality control nnd also many numerical examples of 
practical appliciitiona. 

The first part deals with frequency distributions. The concept of a fre¬ 
quency distribution is very cleverly and lucidly developed through a sorica 
of simple examples and illufitrations. Detailed proccdiirca are given for cal¬ 
culating y and cr and /or estimating fraction defective from conipiiLod 
values of 3 and cr. Tlio method given for calculating H and a from the ob¬ 
served fractions defective in two tails of a distribution is, ns fur as this re¬ 
viewer's knowledge goes, hero publi.shcd the first time. The method sliould 
be of practical value in many instances. However, as the author undoubtedly 
rcnl3;?es, tlio method given can be dangerous if not Jiftjidlcd witJi caution. 
Had tlio book been prepared for the general public ralhcv than for use by a 
particular company under careful supervision, it would have boon desiruble 
to include some cautioning remarks ns to the dangers inherent in making 
prediebiona from such calciiIationB, particularly when tho observed fraetionH 
dofoclivo arc both in the neigliborlmod of ,50. TJic illustnitioiis of the oilcct 
upon frequoncy distribntioiiH of such things ua tool wear, heat treating op¬ 
erations, and other factors should bo particularly lielpful to the practical 
man who is trying to understand what frequency distributions have to do 
with making a satisfactory product, 

TJ»c second portion of the book dcalfl with correlation bctivcon two quality 
characteristics, The treatment omits completely all tho lualheiantics of cor¬ 
relation and treats tho subject in a simple graphical manner such as is so 
helpful to tho sho]) man in quickly dotocting prououucod rclationHhips and 
in presenting those lolationships in an obvious manner. Illustrationfi are 
givoji aa to ]>ractical applicationa which rcsiiUed in tho solution of quality 
problems in the shop. 

Tho last portion of tlic book dcnla with control charts, In gciieral, the 
methods prc.sonted arc those of 11 lo American Rtaiulards Assooiation with 
Bflvoral additions which have been found useful by the authors. One of those 
additioiJH is the use of “rojeefc limiLs.” The “inject limits” iiro placed inside 
tho specification iiiuitH by a factor depending upon Ham pie size and observed 
average range. Kami)le avtjragcjs fjdling outside these “reject limits” are con¬ 
sidered by llie eonii>aiiy as suindiout cjuise for slopping ]jro<luctic)ii and mak¬ 
ing adjustment. Tlie limils are of the hiiuio natim* ns those described by 
J5. jr. iSoaly ill liis book A Fintl (hmh lo QualUi/ Co?Urol for Ji!?i{/i?ioer8t in 
which book tho limits are tenned “modified control liinits,” It is interesting 
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to note that the Hunter rrcBSOcl Steel Company liim fnuiul Midi limiU to bo 
of considerable value in their dny-tn-diiy work. Aiiolhr‘r nflrlHioii is the 
^'control gaging*' tecliniqiio. This is providoil ns n Mil)sLitul(‘ for llm routine 
keeping of control charts by variublcfl and coiiHriLs lu ^o nnb-go 

gages at the control limits for avcrngCH of HunplcH of Hyo. T)u- in^^iinctioa 
procedure then consists in gaging with Llic ‘‘control u Hiiiiiiile of five 

pieces at periodic intervals. If more than two pienoH fail rillier I he go ur the 
not-go gage, an adjustment of nmehinery is rniuiml. It ifi pointed (Hit llmt 
this pioceduve eliminates tho measuring of iiidivLiUml \Avxvi^, Liu? cuhuilutieu 
of averngea and ranges, ami tho jdoltiiig of pfdiilH, yet fiirniKlii H u junetical 
means of control where more refined incllKids lire not jnstilied. It Wfpiild be 
interesting to know if tho company lina tried .setting llm “nmiln.d gages” in¬ 
ward from tho Bpeclfication limilg by a factor of olbcrvnd range ratlmr limn 
outward from the center of the Bpecificatioii tolerance range. Sucli a .setting 
of the control gage.s would correspond to the ‘‘reject lihiiU” whicli apparently 
have boon found to bo so eucccftBful and would autniimtirally lake enro of 
situations such ns that described on page 114 in whirb there in a rehitively 
small range but a pronounced trend in averages. Aiintlirr ndditiiHi to tech¬ 
niques described in tho ASA Standurdn is u prnrrdure to be follnwml nn Kliort- 
run jobs which cannot bo treated aR a ctmLiininuK lumludion MlimUnn, Tho 
procedure given illustrates the fact Hint applierilhniH of ipmllty crmirol 
methods need not be confined to continumiH miiKK prmluclioiu 
A number of reproductioiiB of control cliiirUs piiquired on Ihc jijb nro given 
at tho on'd of the book. 


The Recovery of Inler-Block Idformallon In Quael-Fflctorlal Posigne with In¬ 
complete Data. Commonwealth of AiiHtralin, Cmiiinl fnr.Si leiilifii* iiisri InfluHlriiiL 
Hosearch. E. A, Corawft (Ofnccr-in-Cliargc, Section n| Matliiunatiral JSiatihlicK, 
the Council). East Molbourno, C. 2, AuKtralia: the OMimril, 311 Alla^rl K(, 
Gratis. Paper, 

1, Square, Triple, and Cubio tiatUccs. PuUatm No. IfiS, It) 13. Pp. 22. 

2, Lattice Squares. Bulletin 176. 10-11. Pp, !9. 

IlEVlKW TIY C, II. CiOUIrHKN 

OJ/lect-in-Chargei Dominion Laboralory of Or real iirrntinff 
Winni'peg, Manitahat Canadn 

T hese ptipcrs are a continuation of a Rcriu.s inwhicli tho nutbur |pr(!,‘':iMUs 
correct inothods of analyeie for incoinploto block or fpmsi-facLurial 
experiments when tho data are incomplei^, In order to fnnnliarir.f^ lhi‘ r<‘adrr 
with the terms and symbols used, the author prcHonts lirat llm fiunbniimitalH 
of the theory undorlying oaeh typo of exporimoiil with whieh Ik* ihMdM, The 
formulas for tho estimation of iiii(i«ing valmm arc llion itrowiilcd cli-arly nnil 
detailed inetmctlona arc given for Urn boImUoh i)f llm ruUmr miU‘i> imT]drxing 
problem of making adjustmonta to wiinH of HtpiaroH for uku in uf nig- 
nifioanco, The mothoda described, logoMior with lliose givnii in providiiH 
papers, bring up to date tho mothodH of nniilyHiK for r[Ua>4i-rH('t(iriH) ik'nigiiH 
or the three aituatiojis that arise in tho use of exjioriinehlH of this Ly))o, 
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(ft) wlieu there are no real dilTeroncea between the blocks and conHcqucntly 
no adjustments are rcquiredi (i>) when the dilTercncca between the bloeka are 
very large and full adjustments are made, and (c) when the diiTerfinces be¬ 
tween the blocks are intermediate between the oxtremes as in (a) and (6) and 
the inagnibudo of the adjustments made are based oji an estimate of the block 
clifTeroncca determined from the data of the experiment. Actual examples are 
given. 

LecturoB on Probability and Statlatlce, /i/dwnrd L. Dodd (Lntc Professor of 
Aohmrial Mathematics, Uiiivorslfcy of Texas). AustiOi Texas; University of 
Toxna Prcaa, 1046. Pp. 44. Gratia. Paper. 

ItBviBw ny TnoMAB N. K, CfJIjjviUvB 
Actuarial Mathematician^ Bureau of Census, Waahington 

T his booklet contains three lectures given by the late Professor Dodd 
on tlic tlmory of means or averages, together with a biographical sketch 
of the author, The lectures do not pretend to cover the subject exhaustively, 
but are of a Bonii-popular nature, Bceking to indicate the general nature of 
tliG subject and to atiinulatc interest, For tlioso who de.siro to road further, 
refcrencGB are given to all tho important papers. Much of the discussion in 
the ficcond and third lectures centers around certain highly generalized dofi- 
tions of a mean or average, of which the familiar types, such as aritlunotic, 
geometric, and harmonic menus, median, mode, and midrange, are special 
cases. To the uninitiated thisislikely to appear ahighly ncadomic study, but 
tlie author shows by sovoral well clioacn examples taken from the fields of 
slabisbics, compound interest, and actuarial Bcieiico that a number of uii^ 
UBual or peculiar types of means or averages arc in common use for certain 
purposes. In tho tlnrd lecture, mention is nmdo of a number of specific prop¬ 
erties which have boon used to classify tho various types of incanH. For 
example, a mean of a Bot of numbers is said to be internal if it lies l^ctwccn 
tlie greatest and the smallost of tho mimbora, or at worst equals tiie maxi¬ 
mum or minimum value; it ia Baid to bo associative if it roinains unchanged 
when all tho nambora in any aubaet (taken at pleasure) are replaced by tho 
moan for that subset, In the opinion of the roviower, these lectures admirably 
fulfil their purpose of popularizing and arousing interest in the subject. 


An Introduction to Industrial Statistics and Quality Control. Paul Poach (Iiulus- 
Liial StatiHlician, lualituto of StallsLics, Univorsity of North Carolina, Ualeigh), 
Ilnlcighj N. C.; L. B. PhillipB Company, 1915. Pp, ix, 160, Out of print. Paper. 
(Ilovised edition in press, Kdwards <k Broughton, Unlcigli, N. 0.) 

llBVnoW 11V J, IL CUUTIBB 

Lt. Co}?idr.j Bureau of iShips, Woshingtonf D. C,* 

T hih book is a preliminary edition, in mimeographed form, of a toxMmok 
oUHtatiHtical quality control which Mr. X^cach is now preparing. Wliiiu tho 

* T}iq opinions cxprc^cd In UiIa nrliola nro tliono of llio author nncl nro not to ho construed aa 
redcaUuir Uio viaws a/ (Lo Navy DtiparluionC or lha Navnl Service at largo. 
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number of copies obtainable is limited, Llio scnreily of Fftlisfiietory w'orking 
texts in this fiolcl Bocine to justify paying cHijcciul iitlciilinn to lltc prtsoiit 

work. M ,, 1 , 

The immediate background of the book was iMr. r’ciieli K PXfiernmno Jis a 

teacher in tho cightrdajr quality control cmirms fiivTU flitring iJm nvir in 
various industrial ccjitora by a unit of the WVli under Mr, llolhnupk Work- 
ing. The effect of these cour«Q9 in Hpreading Llio word on riliiLi^liral riujility 
control Ima boon cxtromcly sigiiificunt, Alllumgh thin htiok gof-:^ imnodi-rnbly 
beyond the snbjGofc mutter of tho cight-thiy courses, nnrl (.‘liiingr,'^ llu^ onlor of 
presentation of topics UBunlly employed in them, it k iMivorthrli-s^ il fair/y 
obvious outgrowth of the schedtilo employed for tho vonrn^f^. II Uhim derives 
a certain importaneo from being tho lirBt forjjuil write-up in hoi^k furjn of the 
eubjeefc matter of the WPB program. 

Thifl ia not meant to impute any luck of oriKiindily U\ the unllior. Aa 
stated above, many topics are included whlcli were mit Iroiitiul in the WPB 
courses, and some of the devices employed jjccni to luivn dginatt'd with tiic 
author, 

Tho order of ipcsontalioJi doparhi jjojijcwJmt from that nf tlie Wpjl 
couracg in that acceptance sampling ia preMuitcd liefnrr coutnd rhnrlH, From 
the theorcLical viewpoint, thia is Gcrtaiiily tho w’ny In gn iiliuUt thn niuLler, 
but some fconciicra of quality control prefer tf» )»ut llio cnntrnl elinrlH llrijt. 
The presentation of tho rationale of acceptance i^iuiipling ''ery well dnnfi, 
A system for selecting aingle eamplirig plaim by tttl.ributvrt nn ibr ImsiH of 
tho ratio ps/Pi is given, n'idcJi is csfloiUmlly Llin wuiun uh Ihut t-n/|Joyed in 
the earlier paper by Dodge and lloinig on afioepUnco rmnpling.* ’PUe rO' 
viewer would have suppOFsed that it would have been adv|^5^llplu to dtder I he 
details of aelecLing sampling plans in tliis way to u latur portion f\{ iho honk 
but a personal contact with a corrcspondnncc-Holvool Htudont wlio k \\n\\\g 
the text has revealed that ho waa not particularly diycoaragod by (aicnun- 
terijigsucb complicatlone at an o/irly etjjgo in llm work- 

Acceptance eainpling by attributes IcatU rmlurully to the p-iloirl, al¬ 
though the distinction ia not carefully made bolweeu Iho rnidrnl 4if qnulity of 
tho process and of the individual lot. The i and ft rlmrl iiiqnmrs iu-nI, idler 
Bomc discussion of the standard deviation, A novttlty lluin uppi^irn in tlio 
form of a quality control method for slmrt riiriH. It c^Mtutiully iiivolv('c> tiic 
use of the sainido mean and standard deviatlrm In criiilrfd thi^ (jrrqnu t/mi 
defective, assuming n normal distribution. It ini^lit )m ndvr uhh* [n um' llic 
non-central I distribuliort for this purpose; prrimpj* this innilUiridinn will 
appear in tho final edition. 

At thia point in tlio book, a cortaiu cvidtuici^ of ??(’iuns in \mko itn 
appoarancGin tho organiisatioii of rmaerlal. The list iff coiiboiPi fr.on Inu o on 
in reads ns follpwo: Tho Chart for c; AluUipIo i^arnpliug; I rn 

Acceptance I iiBpccUoii by VnriiibleH; Tpik-iaJii'r' i; Tjcini 

Control; Gagoa, Saippling, nnd Hcicnlilic MeaHiirciui'iiiK; Ah Iiiinnlm.linM 

1 o f® M®lW ol SstnpPnjt lMp,tiJi,rt,* JhU Jour- 

nal| o-!ol 3—31 O 20 , 
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to the Analysis of Variance; General Romarke on Raw Materials Acceptance; 
Organizing the Quality Control Department. Kacli topic roceivea a goocli 
although brief treatment, but the net elTectis a little bewildering, Undoubt¬ 
edly the problem of organization and emphasia will bo solved more satisfac¬ 
torily in the final edition. 

There are very few really inialeading statementa. Perhaps the roviowor^a 
chief criticlain would be that no coniieotion is established bctwoeii the a 
priori definition of probability used to introcluco the topic and the frequency 
ratio definition which underlies much of the applioations. A few Btaieinonta 
need n little qualification: on page 0 it is stated witlioufc mention of inde¬ 
pendence that the variance of a sum is equal to the sum of the varlancca; 
on page 18 ifc is alleged that it is impoasiblo to gngo the quality of a lot by a 
sample (which denies the theory of statisticiil estimation); and on page 75 
it is observed that the theory of double BainpUiig is incomplete and oKiating 
tables are omiiirical, which is perhaps a little misleading. 

Tlicso minor b^einiBhea do not really mar a very accurate and readable 
book. Indeed, vork is exceptionally well written from start to finish. 
It is one of the best oltjmentary expositions of statistical jnethods which the 
reviewer has ever encountered. The author is apparently a very fine teacher 
in his chosen field, lie shows a grasp of the theoretical background which is 
particularly cominonclablo in view of the fact fcl\at much of the nttention in 
the exposition is neccssanly centered on keeping the text strictly down to 
earth. 


The Analysis of Cubic I/attlco Boslgns In Varietal Trials. J. F. Phipps^ A. T. 
Pitffslcy, IC, /locklcy, (Wailo Agricultural Rcscarcl\ IiiHUtiito, University of 
Adelaide, Adelaide, Boulh Australia); IH, A, Corniah (Ofliccr-in-Charge, Section 
of MalhcmuUcal Statistics, Couiieil for Bcioutiric and Industrial Rcscarcli). 
Common weal til of Australia, Council for SclcntifiG and Iiulustrial Research, 
Rullolin No. 170. East Melbourne, AiistvaUa: Council for Scientific and IiuUib- 
trial llcscarch, 31d Albert Sb, 10*14, P|). 41. Gratis. Paper. 

llKViRwim nv GRnTnnmi M. Cox 
Director, /nsliliUe of Statuiica 
UniversUj^ of Norlh Carolina^ Raleigh 

T iiio authors present the construction of the unbalanced oiibio labtico 
designs and discuBs their value in favorable ternis. Their own sum¬ 
mary is oonciBG and to the point: ‘*Thc paper doacribes in detail tho iJio- 
cedure to bo adopted for recovering intcv-block information in cubic lattice 
designs, and tlio computations which are required for tins full analysis aro 
iUuHlratod by a inimerieal oxtiinplo.” 

TJjis )?u]]etin follows closely Yato's original description ilhi.str/ifcing tlio 
recovery of in tor-block iiiforniation in cubic liittico designs publinhocl in 1039. 
Tlio autliors are correct in tliuir sLateineub that roprintH of Yutu's iirticle uro 
nob rciulily avuilablo. A voliiino of the A?ine^3 of Dnyoniaa cannot be used 
cxtonsivcly by compuLer.s in a laboratory. Tlicrcforc, a bulletin sucli ns this 
ono provides a uhcAi? guido, 
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The formulQG in both nrlicles arc the panic but Uio niiLiition tlifTt;r« in minor 
deUila. To solve block componciite (n), (I)), ontl (c) a series of Hcpnrnie 
tables 2, 3, 4 and 6 are constructed. This makes the eompiiliiiK inulrucliono 
much cneler to follow than those given by ^uU*h. 

After giving the logic of the computing involved to secure roipiimiient (c), 
tlw contribution from tables 3n, 3b mid 3u could oil Im thrown inio one aolu- 
tioDj thus making the process slraight forward for cninimliTS. 

The conditions specified for using these block coinpoiieiitH for the esti¬ 
mation of w* should bo noted. 

(1) Tho menu squares corresponding to these Ihree cinnpimoiiLa of the 
block sum of squares Imvo different expccUfioii!* wliicli nre. iinh'pend- 
ent of tho number of times the cubic hillice in re|iliciilml. 

(2) If tho whole cubic lattice is replicated twice, to ('(>111111110 u‘' imc com¬ 
ponent (a) and the addilioiiid 3(7J*-1) degrees of fn-pdom for (lilfor- 
enees between blocks coiUalinng the eaiiic varintirs, Tlie reHullunl 
mean square is based ou 3(j}-l)(j»+2) degrccH of fr(;cil(Hii willi ex¬ 
pectation p.l +Ii, 

(3) When inter-block mean aqunro is leas or equal to (lie intra-block nicAU 
square analyze 03 a randomized block design. 

Tho formula for the variiitico of differences lailwimn ndjiisU'd varietal 
means can bo simpliriod considcrobly. When iiinkiiig (he U*vl <if I’igiiinenncc 
and also wlicn solving for values to use for adiusling vnrjelul yiidilH, X and jj 
were used. That is, 


let 

then. 


W W* 10 III' 

> --“ 0-4020, ^ - r—:—r « 0,2^07 


w + 


X' » _ i, 0.01008, 

P* 


2w -I- It)' 


0.01147 


f[’+ "“'I ] 


pi -I- p ^ 

2(.3082)r, 25 


{0(.01G05) a(4)f,0n47>| j 


(1.1888) - ,2918 


which ifl cftBier to eolvo than the /omm!i\ n» Kivon on pugn Al^n, nnlti llmt 
2^t/3r ia the regular formula for the variance of llic fliffcronn'rt l*et\vcoii 
varietal moans. Tho 1,1888 ia llio factor introduaiii by i-niiffmiMling. 

Then, tho oiTcetivo error nioan Hqimro per unit h (.8flX2)(|.lsss) - .1:177. 
Thia value comparGcl with Lho error iiicuii aquaro (nj^iflurtl) I'uenrerl from llie 
ordinary randomized block analyais gives llm cflicieney of iJio mi) pin lullico 
deeign, 


100 X 


sfi120 

,4377 


117% 
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Again, tliia ia a mucli shorter process than that given on pages 38 and 39. 
In fact, table 0 gives the elRcicncioa accurately enougli for most purposes. 
In this exam pie 


w 2.7160 
w' “ .0002 


3.017. 


Heading from the table gives 110.8%. 

h'roni the standpoint of the applied statiatician, the presentation in this 
biillclin is excellent. At each step, the mathematical discussion and fonnulao 
arc followed by tlio corrcHpoiiding numerical results from tlio example. 


Sequenllfil Analysis of Statistical Data* Applications. Prepared by tbo Statislicul 
Ifcacarch Groups Columbia Univeraity for tho Applied MnthcniaticH Panel, Na¬ 
tional Ilcfonse llcaoarch Gommittco, Oflico of Scientific Research and Dcvolop- 
mont. SRG Iloport 266, Revised; AMP Report 30.2R, Reviaed, New York: 
Columbia University Press, September 1946. Pp. vii, 17; iv, 80; v, 67; iii, 25; iii, 
18; iii, 30; ii, 41, $0,26. Two reviews follow: 

Rkyibw dy Heney SciiEFPi 
Associate Profesaor of Engineerinff 
University of California at Los Angolea 

T ins work constitutes a manual on tlio application of the Wald se¬ 
quential probability ratio to.st to certain specific problems. In this 
test tho obsorvations are taken ono at a time, and after each observation 
one of the following threo actions is adopted: (1) the lot or process being 
inspected, or the statistical hypothesis being tested, is accepted, (2) it is 
rejected, (3) jiulgeinont is withlicld and it is decided to take another ob.ser- 
vaLioji, In cases (1) and (2) no furtlicr observations arc taken, Tho present 
exposition is mostly in tho language of inspection, although conncctioiia 
ivUh experimentation arc also noted. The descriptiona of tho jiropcrlics of 
sequential tests are clear, and the instructions for their u.so are detailed; Httlo 
background in tbo way of statistics or matlicniatics is donmndod of blio 
reader. Tim clarity is improved by the omission of some of tho qualifications 
that a mallienmtician niiglit bo impelled to add; for example, tho advantages 
of sequential testing arc well summarizod for noii-inathematical readers in 
the following statemont: *‘Thiis, conspicuously good lots are quickly ac¬ 
cepted, conspicuously bad lots are quickly rejected, and extensivo inspection 
is needed chiefly by lots of doubtful (pialiby—which is as it should bo," 

In every case treated hero tho i)robiil)ility of iiccoplance, when a given 
sampling plan is used, depends on a single unknown parameter 0. The graph 
of this probability is caiUul tho ()G (operating chuructoristie) curve. Tlio 
average mmiber of observjitions retiuirod to reach action (1) or (2) above 
also clejKjmlH on Q\ its grupli is called the AHN (average Hainplo number) 
curve. Tlie cuHtorncr for the te.st chooses two (li.stiuguiHhcd valucH of 6, say 
Oi and 0?, and ordinates of the OC curve at theso values; ordinarily ono of 
these ordinates will be chosen near unity and the other near zero. Considora- 
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tiona governing tlio choico of 0», and llic corrcsimnding ordmnU-s arc dis- 
ousseci in tlio introductory acclion 1. Tlie OC curve wlnrli pnwrH Ihnmgh tho 
two chosen points ia evcrywlicro risinR (»r ovcrywlicro falhiig. oxrnpl iii bcc^ 
tion 6 (the case of “two-sided ullerniitivcH"), where it m Byiiiiiielricjil in tlio 
line 0 and falling for nil 0 greater llnin 0,. Tlic |.roljlciii» treated i n Kcclione 
2 to 6 aro tlio following: 

2. 0 ie tho unknown parameter (poimlation proportion) uf n liinoininl 
population. 

3. Thoro aro two binomial popuUilionH with unkiu^wn paraiuulnr/^ pi and 

-pj, In tliG first treatiTiont Q in llio ratio,^ that the fpUiii(*nt of 

pi/(l-pj) by In the Bccrmd trentiuMil £? \u tliO ‘hiUKulnr flitter*- 

ence,^^* that is, t?=aarc.s5n arc^iii yp^ 

4. 9 is tho menu of a normal populnlloii of known variance. 

6. Ditto. 

G. 0 16 tho standard deviation of a noriiml population. In tlio treat¬ 
ment the mean of tho population ih asHuincd known, in the i^ceuiul Inmlinont, 
unknown (but the same for all t?). 

Each of those sections describes both a graphic and n tabular proneduro 
for analyzing the data, and each contuiiXH at Icuht one mnncrleal illm-lralion. 
Except for section 6, each Koclion conlains ci dificuH^hm of tlm Of/ niu) ASN 
curve; in this and other ways there is a conhidcrable onlargaiiiciil of the origi¬ 
nal "restricted*^ edition, Praciically all Ihc errora nolcil in dial edition have 
now been oliniiimtod. An extra section oon^ihdiig of apiHnnlices antcuig 
other matters tho device of trmicaling the previouHly deKrTilint HifpienLiid 
tests, This device, which is of great practical iinpurtiiUco, of rliuoMing 

boforehand an upper bound for Lite sQ)n]>le niy.t?, atul whointver Huh ^i^'0 is 
reaohod without actions (1) nr (2) having been lakon in llif* \iMnil way, one 
or the other ia then taken, deponding on Ihn nliKiTVnlhiiiH nenumulatml. 

The organization and format aro umisual- While Dm roviowor liki's lo hco 
experimeuta in organizing and binding slatiKlical nialerinb he rrgrolH (iinling 
tins QUO fiomowhat iiiifortiinato. The woven fiectiofis nro K‘parat<dy bound in 
pamphlet form, stapled, not Btilclicd, and they cotiin in n ring biiuliT, tho 
whole arrangeinonfc being rather fliiiiBy. When Uie puinplihda am ukciI in the 
binder the book is hard to close unIcsH a HuUuhlo prncc“H uf nliiiking thiwn in 
first used, Tho text in reproduced from tyjmwntleii copy hy u iibolugraphio 
proceae. An effort has been made to iiiako each of Bccliniiy 2 lo 11 pruclically 
self-contained, resulting In a largo aiuo\nit of repetiliom 


IlBvifcw nr B. L. Wui.cn 

DGyarltnenl o/ Stdtiilics, f/Tiircrsi'/j/ Loufinn 

T his book is a revision and exteiiaion of work which wuh IhNUiMl uarlior 
as an O.S.R-D. report with rcHtrictccl drenlatinii. Uu pnhlir*aliiui ruul 

• Tho Ihcoroliool lufitlCoiiUonA of oonio IniiovnUoiV) (n iKinneftlun iiHth [ha ^nunlflr 
Bte not givon, Tlioy M{{ apponr In T<fAmQ(f«ir ef SfqfMifcal Htluiat in 

Ei\pi-neerit\O. Producl\an, anti 3fanap«m«rtl by Iho BUlhUonl nmArch CJro\ii», C\i1viinbin mavBiriiy. to 
be publialicd by McGihw-THII Book Company la 1040. 
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general circulation to a wider piiblie at this moment is welcome, In conjunc¬ 
tion with the more theoretical papers on the saino aubjeob, which have now 
appeared in various statistical jouinnls, it makes aviiilnblo n very clear ac¬ 
count of a typo of statistical procedure which has been, strongly advocated 
in sovoral quarters, It should bo noted, however, that although sub-titled 
^^Applications," the proaent book is only rightly so-calLcd in the Bense ti\at 
it inakea clear how to operate certain sampling procedinea and how to 
analyse the observations rcBuUing therofrojn, assuming nil along that theso 
procedures arc tho ones most appropriate to the questions at ibsuo, Kxcepb, 
perhaps, by implication, it scarcely touches tho problem of indicating in 
practice the typos of job for which tho methods suggested are genuinely 
prcfcrablo to others which might bo used. 

The term ^‘Sequential Analysis” has on occasion been applied to cover tho 
analysis of data arising in all situations where sample sizes are not fixed in 
advance, but where tlio decision to stop sampling depends on the outcome 
of observations as they are made. It is not with such a wide mcaningx how¬ 
ever, that the term is used in the present book. The procedures described are 
tho particular ones developed by Wald and his co-workers at Columbia Uni¬ 
versity and any rojuarks in tliis review must therefore also bo taken to refer 
only to those, 

To illuHtratc the type of approach adopted wo may instanco one of tho 
sections of the hook, wliich deals with tho case where, in the material sam¬ 
pled, the character in question is normally distributed with known standard 
deviation but unknown mean, and where a sampling plan and a rule for 
accepting or rejecting hatches is required witl\ the following properties: Tho 
chance of accepting inuterial for which the true mean is mi sliould not exceed 
Borno specified small risk a) on tlio other hand tho chance of rejecting mate¬ 
rial for which llio true mean is ^^2 should not exceed some speciriccl small 
rislcfl. Tl\o suggested Hanipling procedure is then this: As every extra indi¬ 
vidual is added to the sample tho decision is made whotlicr to accept tlio 
batch eainplcd, reject it or take another observation. The decision is made 
on tho basis of the running total, Xx, of tho observations accruing to rlato, 
and sainpliiig is continued till a decision one way or the other is obtained. 

The claim that is made for this procedure as against a procedure tliat uses 
a fifliiiple nuiMber fixed in advance, is that it can satisfy the conditions laid 
down (i.c,, give practically the same operating ehnnictcri.stic) with an ap- 
pi'cciabjy snndler average Hiiiiipio size. More precisely it can be sliown tliat, 
if tho true mean ni is in tlic viciiuly either of ?ai nr W 2 , then the average 
amount r)f samjdijjg will bn iLpj)rceialj|y Je.ss tlian if a fixed sjunpic Bchcino 
wore being uKod, However, if is about half-way boLwcen mi and no 
Huci^ reduction in suiuplo size will be obtnined. 

IlesullH uf this nature imj interesting, but inconclusivo if no atL(3inpt is 
made to idaLe tlieiu to the VJiiiu^H of 7n likely to occur in a given practical 
case, nnd it is at this point that the jncHent book proves Hoiuewhat diHUp- 
pointing. A Inisio crHicism which has been mado of Wald’s work is that fre- 
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quently ni will lie nbout linlkfty between Wi anrl w, mid tlint Lbernforo 
appreclftble avorago reductions in fliiin|)ling m will not hfiinKni, Further, 
that even when mis either in the vicinity of ni| or Wj (ho Unit thn material 
eaiiipled Is in some sense abnoriiial) wc may not bo coriccrficfl wj imifli with 
accepting or rejeoting it, aa with estimating its imiporlimi. For siifh piir- 
posca tlic Binaller sample sizes then arising from llio aeipiciilial nmdiml nmy 
he a positive disadvantage. 

Whatever aubstance there may be in mirli crilidaiiis immt dcjioiiil of 
course on circiinislaiiccs and further disciif^ionin abslrniri Ftiiis in iiroliiibly 
not veryprofitnblo, In a book dealing willi Iho “njipliratimm’' nf a hlatihtical 
inetliod, we might, however, have expected that iiinri' would liii ve been 
devoted to anticpling possiblo objectioiiR cif this iiiitiiro m\\ if, in iho 
opinion of tho aiitliora, tincli objoclions arc not of great lioiinrtanre, 

' Other soetioiis of the book deal in a very hiinibr iiinniHT, with prnhleins 
of controlling other features of the batch, e.R., priqmrlifiiis (IrfL’Ptive, vari¬ 
abilities, etc, Each Bcclion is bound separately in pniii|ililitl funn, mid tho 
whole series asseinblod in n ring type (older, This ffiniiiit 1 h mbiiilrd Hmt 
the relevant section for any particular job can be alwlracled and an ho moro 
conveniently available to anyone using it often, Fur library piiriiOFcs a 
further edition of tlio book hound up in llic iisiiiil niHiiiicr wmild possibly 
be more convenient, 
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N '46.* [424 

AAn Introduction to Iiidufitrlal Stallstlca 
and Quality Control. Piuil Peach (Induatrlai 
Slalielioian, InsliUito of Bintiabieii, Unl- 
vorfififcy of North Carolina, Knlcigh). 
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'40.* [431 

Some Appllcatlona of Slallsllcal Methods 
to Fishery Problems. William E. Uiolcor 
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Ho goTB (Metallurgical Slniiatiolan, National 
Tubo Co., Lorain, Ohio). Blast F if: Sleet 
PI 34(2)1233-6 F '40.* [438 

The Individual Sampling Dlstrlbullon of 
the Maximum, the Minimum and Any 
Intermediato of Iho^-Statlsllcs on the Null- 
Hypolhesls. Sainardndra Nath Roy (Statlw- 
onl Laboratory, Prcaidcncy College, Cal¬ 
cutta, India). Sankhya 7(2)1133-68 N '45.* 

[430 

BeinoulU^s Theorem and Tshebychel's 
Analogue. Samnrondra Nath Roy and 
Purnciidu Boso (Statistical Laborntory, 
Proflidoncy CoBogo, CnlcuLtn, India). 3anh- 
hyd 7(2): 200-10 N '46 * [440 

Comment on Post-War Quality Conlrol 
of Commerclol Products. Loiter. 11. Iloyan. 
E'zip/nep 10(1) :30 Bp'46,* [441 

Errors in liie Routine Dally Measure- 
mouL of the Puerperal tTiorus, C. Boott 
IluHHell (First AHHiHtnnt, NxiIIiuUl Doj}art' 
incnt of ObslolrioH and Cyiiaccology, 
UnlvoiHity of Oxford), jiiom(jfriAa 33(3): 
213-21 N '45.* [442 

The U, S. Army Ordnance DepartmenPa 



164 


AMKRICAN ftTATIBTirAb ARBOClATlON 


Actuaries. Irrogiiinriy Issued In r^nl 
years; {Qa.)\ Cambrldgo Unlvorfilty Vwm, 
BonLby IIOUBO. London. 

J TA- Journal o/ Ararirflintf. 

4 iMuofli &d: 460 Alinnlp BL, Mwissha, 


J Re» YdA i?Hr 5 fdnW—Journoi of /i^iorcA 
of ihe Nclhnfil Uuraiu of mndardt 13 
ififtiiof) In 2 vola-l $3.60Ca0^): U. tt. Oov* 
ornmcnl Prlnllng OHlooi WasbliiRUin 
D C 

Mai d: Meth —iVfl/cn«/a iUc/A^)d^.Fnr- 

morly A/clala and Alloys. 12 lemos: %'i 
C25fis llolnUold PublfshlriR C^Jip-, IWW 
WttBt 42inl St., Now York 18. N, V. 

Math Sludenl^J'he Maihcm(Uic4 
PubllBhcd irroRulnrly In rewnt yews; 
G. A, firinivoiiAn. ProKldtincy 
MudrftB, India. 

Mcch World— ^ATcehanxeal irorW. 63 

265.((W.); Einmolt dt CV Lid., 31 King 
at. Woai, Muncheatcr 3, IvnolAnd. 

Melal ProQ^Metol Progress. 12 Umes\ 
$6(^1); Amorican Socloly for MfttnU. 
7301 Euclid Avo., Glevolarul, OlilcK 

Mfa c£ Jnd Enit^Afonufadurinc and 
Engineniuo. 12 issues; Con* 
floUdntod Profla Lid.* 73 lllcUmond HI- 
“Woatg Toronto 1, Otil., 

Mill tfe Fadoru^ 12 to«\ios: Conover-Mlist 
Corp,, 206 East 42nd St., Novr York 17, 
N. Y. 

Afonclary Times —7’Ao J^Ioneiary 13 

iuucq; $3(26(f); 341 Chureh Hi.. Toronlo 
2, Caimdn. 

Not VnJerio—Naiioruil Uiuiftrwtiltrr. M Is* 
bugs: 65(20^); 175 W. Jnekaon Dlvd., 
Chiengo, III. 

PhUoa Sci—Philosophy of Hcicnee. 4 Issues; 
^6<$1.26); Mount Uoyid A aullford Ave- 
aiiaa, Bnlllmoro 2. Md, 

Physical E —2’Afl Physical Rwiew. 5 Ismios 
in 2 voIh.; 910.50($1.50): Amorlean InslL 
iuto o( riiysloB, 67 Easl 66ih Hi., How 
York 22i H, Y. 


InJvan Amd Sci. A Pr&cotdinQ% 

(tf lA« tfviuia r/ ^nVnreij St^ 

|i®»i 4 11 ff. IS tllff. 2 f,r 3*,); In, 

libktt Acn^'lcnay t*J tlxuiaaloi^ 

ItirlU. 

/^iirclwjr»«47. 12 

Mpmti -sk*! Iviwv 42fld Mf,, Hew York 
17. N. Y. 

li Eli N *»—/^rTiVue Ht^fnartk. 

h I2in irjUi Hi , N, W., 

■VVojdnngHui 0, IL <*. 

Hmk Prif^hf-fii. CJ 0 ;j'iJJi^d; 

itunler l*Mld»i>tiiUR , .U^ll Wrai JfuV- 

frni lllvd.i IIL 

.S>afikhy.%: Th* Journal 

4 Kfi, in); ttal. 

dipnry IndU, 

,Sff hi m '2 \riU ; ftiH16^i; 

lVm;inii4"nl A A.A H., Hcnidb 

iTinl^ Innlilultr^i , WnaliiiigUiin 

l>. O, 

»S<rtf4A Econ J Th^t Econjornit 

J ournid . 4 Msfar'n; l-:i 18 IJ: Ui*s IW), CbAod 
Hill, H. V. 

Ti*nlHTmaa ThJn 12 Ueueti; 

%:UZhh\hWl^,V{. Prtik Avc . Pipriknde. 

ffi* J Th^Tr*^ />i<! ./mirno/. 
12 Itomiuh: Fmimuuiii ldv»l.. Clew 

UmuI 

Tool H*igirnrr Th^ 12 U 

sues; 8di 56^1 W, Kafaj ellr lUvd., De 
Ir^il 2^. Mkh. 

' 3^nYnJi«nWioru q 
lAe Awcn'<KW f'«rvn, fl L 

47 6<HSl VM; ^211 Ihr^^d Jlmnd 
kVaidiitiiiUtn 16* iL C, 

Tran* Am Mosh iSi^ Tf<tfiJ^idiifn4 of fA 
Am4prfedn A(nlh.4^j\<dif^‘il 0 Uwe 

111 2 viiU.; 812; Ml WrflV llGUi Hi., Nci 
York a7, N. Y. 

Il'ious INVvr Yi»rk]. 12 Mr<!rnw.Ili 

PuLIUlnnn C-i , 3rk» Wrnl Hi-, He 

York \H. N. Y. 



JOURNAL OF THE AMERICAN 
STATISTICAL ASSOCIATION 

Number 2SJf JUNE 1046 Volume 41 


THE MEMBERSHIP OP THE AMERICAN STATISTICAL 
ASSOCIATION—AN ANALYSIS 

Abner IIurwitz and Floyd C. Mann 
Bureau of Labor StatisiicB 

I F Mr. were a composite of the ASA membership, ho would most 

likely be living in Washington, D. C, or New York City, employed 
by a government agency as an economist or statistician specializing 
either in planning and reviewing surveys or collecting or directing the 
collection of statistical data, Hia principal field of interest in statistical 
data would center around economics and economic theory, and if ho 
belonged to another professional society it would probably be the 
American Economics Association He would have received an advanced 
degree in one of the social sciences or its disciplines, and would at some 
time have published an article or a book. 

These are the predominant characteristics of the mombora of the 
American Statistical Association aa reported on a special directory 
form, which was distributed to all members who could bo reached dur¬ 
ing the early part of 1045, and the information furnished in support of 
membership applications by those persons joining tho Association be¬ 
tween January and September 1945. The 1946 questionnaire requested 
more information about each member than had been obtained in earlier 
directory forms, and this article, therefore, presents a moro comprehen¬ 
sive tabular analysis^ of tho characteristics and interests of the mem¬ 
bership than has been avnilablo previously.* Data were obtained on 
present occupation and organization by which employed, positions 

1 Tbo (Jolnilcd tabular aiinlyBCs prcflonlcd in Ihlii arllolo were mndo pOBDibla tlirough llio coopera- 
Uon of JoAopli F. DraRCfi Cltlof of iho ^11011100 Tnbulallon Dlvialon of tbo Biircnu of Labor BtallBlIoa, 
■ For aarllor niialyflcn of llio oompoBlllon of tho mcinborRlilp of llio Amorlcnn RlntInllcnl ABsoclalfoni 
BCQ WllUord r. 'CJianninoAllon of Mcmborii of Amarloan Rlnllnllcal Aefloclallonon nanlriof Duties 
and IiUcrcHln," Ibis Jouhna^, VoI. 22, Juno 1027, pp. 224-2201 Bliinrb A. Rico r\nd Morrln Green; 
*IniorlockiuR Mcmbornblpa of Booinl Balonco BocIqIIcb," UiIr Journal, Vol. 24, BaplombDr 1020, pp. 
303-300, utkI "CoinpoHlUon of tho AmorlcaR BlaliBlIcfil AbhocIrUoii," Ihlfl Journal, Vol. 25, Juno 
1030, pp. 10B-202i and niehardL. Funklioimar: ^Mombcraliip of Llio Anicrlonn BLallAlical Afisoolallon 
on ila IlundrcdtL Anulveraary/ Ibla Jouiinal, Vol, 30, SopLombor 1041, pp, B20-341. 
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held aince 1940, education, major nml minor Ktatintiral .•.jK-HriUii-M, fields 
of interest in Btatisticai data and inul!imln, in olher pro¬ 

fessional societies, and chapter and natioiifil iiffirrs Jielii. jVliliiional 
occupational data were ic|)iiried !>>’ iH'W’ iiieriilH-r« on li-nve. from a 
company, university, or other *trKttnizalioii. 

More than 3300 pcrsoiiH were UkUmI in tin* IUlfi Direc¬ 

tory but the largest nuinlmr of iHirwiiiK repintinn iiifiirmatifii fi»r any 
one question W(U) 2942. Tlic fullmving Irildew ore liasi-d mt tlio lolnl 
number of membem furnisliing itiftinualinn in iiTinwer lo earh ipH-slion, 

niSTniDUTION OF MKMUEUfmil' IlY TYr‘r;« or KMI'I.{»VIS*« OntUMIKATIONB 

Almost 36 per cent of the nieniltem rejiotling tluir frii|ilf»ying nr- 
Eanizntion in 1946 were employed by gitvcrninent iigeneies, juir^iixlh 
wore Avith colleges and nnlverwil ies, nnd nm* in leii wnw n.‘'t*f>r-i«!x*d wiUi 
a manufacturing or induBlrial coinpuny. Twelve per ec-fit weir* in iho 
military services. Table 1 shrma the tj iWH of orgrmirnlioiiH wilh which 


TA1H.K 1 

TYPE or OnOANIZATlON HY WJIItSI .MKMhKriM I'V IIO; .AMr.mtr-AK MAIISlirAt. 
ASSOCIATION WKin-: K.Mn.oVEIl I.N IVKI A.sll Itnv 
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* Sour«»! niohard t. PunlilioiueT, »e. til,, p, 9,SO. 
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members reported employment in 1945 and provides a comparison with 
the membership's employment connections in 1940,“* 

A comparison of the 1940 and 1945 organizational distributions pro¬ 
vides some evidence of how employment of the membership of the 
American Statistical Association was affected by World War II. In 
spite of the withdrawal of members into the military services, the 
per cent of members employed by the Federal Government, public 
utility, transportation and communications companfos I'emained un¬ 
changed and the per cent of members in manufacturing industries in¬ 
creased two-fold. The number of members connected with colleges 
and universities, financial institutions, trades, and other organizations 
decreased considerably. 

This resulted from members shifting into government and industry 
from universities and other non-war activities, and the attraction of 
new members into the Association from the greatly increased Federal 
payroll and from industrial plants in which the widespread introduction 
of quality control techniques attracted many users of statistical 
methods.'* These comparisons arc more striking when percentages for 
1945 are computed excluding members in military services. Of the 
civilian members who reported the organizations by which they wore 
employed, one-third wore working in Federal agencies and onc-eighth 
wore employed in manufacturing. 


■ Tho Above diBlrlbulIona nro noL Blriolly comparnblo with Umt prepnred under Llio dlrocllon of 
W. I. lUnR in 1027. IIowQVor, ccrlnin groupings enn bo mndo to provide n. rougli mciiBuro ol tbo per oont 
of inombors employed by difforonl types of orgAnitnlionB since 1020. 


CamblnAlionB of Organiznliona 


Per Cent 



1020 

1040 

1046 

Government Agencies, colleges nnd univarsitica (including fcdorAl, stnto 
And muiilcipally employed) 

42,8 

01.4 

51.3 

FinnnciAl inslitutloiiB (including ineuranco) 

15.0 

10.4 

0.0 

Publie aervicQ oorporAllona 

a .4 

3.0 

3.0 

MnnufAclurlng (including publisborA And printing) 

12 .G 

5.2 

11.0 

McrCAnillo 

a.o 

1.5 

0.7 

Profcsfllonnl Hcrvico orgAnizalionB (including bUHincaa research, clinr- 
ilnblo and other organizallons) 

8.4 

10.0 

8.0 

Trade nnsocinUonfl 

4.1 
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2.1 
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Military 
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12.0 

None 
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Total 

100.0 

100.0 

100.0 


‘ The Increftslng u8o of wtMiBlicftl conlrols In luduRtry Ih ovidenoed by Ibo nrRmiljiulicinnl nfTdln.- 
llonn of lliQ morn Umn 400 ineinbcra nlcnlod lo Dio Assoclnlion boLwccii Hcplcinbor lOdfi and Mi\y 1010. 
More Uinn 2G per cent of llicso new iiicinborn nro employcd in inniiufucliirinK pinnls ah HtaliHtjcinnfl, 
(jimliLy contrql ciiKinccrH. dicmiMle nnd motidlurniRli), nnd nnolUcr ii per coiiL nro connecicd wiili In- 
duftlry In oilier capaclllca. 
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OCCDPATIONAU DIBTRintrtlON OF MRWnEtWttlP 

Nearly 29 per cent of Iho mcmlwro rnpnrling ftrcupalionol 
tion identified themaolves na cconomlsU*, 27 (wr rent liad ilm rank or 
title of statistician, and nlniosl ono-«i|;ltlli won* oxc^n»tivi'.s, dircdore 
or managers. The remaining third rejiortr-rl a widt* range nf ttrrujialioiuj 


OCCOPATIONS OF ME.MnKIW OF TIIK AMrltlC^N KrATlKTlrAr 

AKhWIATU^N in 19IA 


OcouptiUoti 


All A.S.A, monibflr^ rcporLlng! 

Koonomlala In ihc flelda o/: 

Prlc68< product loji, oto. 

Ln&or ftod cntploymanl 
Financos, taic«, Aiul tn«ttrAoc« 

Markollnis And trades 
AgHcukuro 

Tranaporlntlojiicotnniunlcfldon, fthd puli1i9ulUil(«i» 

8 oo!a 1 aoloncQ 
Olbor reaoArch 
ToAchlng 

Statisllclam In ih« field of: 

]?couo0)ica 
Bodal aalflncM 

Phyalojil and bfoloiricfit sdenees 
MnlhemailcA 

fiuduoea and roaaageinBDir 
InduaLry 
Other recoaroh 
Teaohlng 

^xoouUvm, dIroGtors, and managers 
Olhar admlnlstralive oOlcDre 
Audliofs and accoUDlAoU 
Markallng apcelnlUle 
MathemaUaffliii end aeluarlen 

Engineers, Indiulrial 

Engineers, other 

FayoboIoglaLs 

SoclolOKUle 

Boolal flolentlala 

Phwloliiii. tad pulUj h^iii, 

Jourjinllala 

Chemlata 

BlologleU 

Bolanlola 

Other profoulotu)'''^ 

Eoaearoh direolors 
EMourch OMlalahti 
Clerlofll 
Btudgrtta 
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including mathcmaticiang, marketing specialistaj Bociologista, and 
physical scientists. The heavy occupational representation of the social 
science fields in tlie Association is shown in Table 2. 

The information in the above tnblo was obtained from the first sec¬ 
tion of the 1946 Directory questionnaire, which asked for data on each 
membor'a ''rank or title” and “description of duties or functions.” Tlio 
problems encountered in attempting to classify this typo of data into 
mutually exclusive occupational categories woro formidable, and the 
classifications used provide only a rough index to functions and job 
rosponaibilities of the memberfi. Persons who had titles as cliiefs of 
government agency units but whose duties, according to the descrip¬ 
tions provided, were primarily those of an economist, social scientist, 
etc., were classified according to the description, No person was classi¬ 
fied as a statistician unless his job title or the description of hia duties 
indicated definitely that he should be so classified. War-time security 
restrictions precluded many members in the military services from 
furnishing specific job descriptions. These members wore, tlioroforo, 
not included in this summary, 

SincG more than half of the Association’s members identified them- 
selves as statisticians and economists, these two groupings woro classi¬ 
fied further according to the principal field in which the mombor's job 
responsibility was centered. Forty-six per cent of tho "statisticians’^ 
were working in economics or one of tho other social science fields; 18 
per cent of tho economists were teaching, one in six was working in the 
fields of prices and production, and 13 per cent in marketing or the 
trades. 

In addition to the more than. 8 per cent of the membovahip who were 
teaching economics and statistics, another 8 per cent were engaged in 
teaching in other fields, the most important of which woro mathematics, 
buBiness administration, and psychology. Members teaching avibjects 
other than economics and statistics are not shown separately in Table 
2, but were included under their major occupational group. Students in 
September 1945 represented less than one per cent of the membership,* 

OCCUPATIONAL DISTRIDUTION DY EMPLOYING OJIGANIZATION 

Table 3 shows tlio occupations of the members reporting this in¬ 
formation by tlio typo of organization in which they woro employed 
in 1946, More than ono-lmlf of tho statisticians in the Association woro 
engaged in government work, 14 per cont were omployctl by universities 


* DoLwoon Soploinbor ID-lfi nnd May 1040 Ilia number of sLudonl mombora more llinn doubled. 
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and colleges, chiefly as teachers, and 12 per cent by manufacturing and 
business organizations. Fifty-five per cent of the economists 'wore vith 
the government and almost half of these were working in the fields of 
prices, production, labor, and employment. About 76 per cont of the 
executives, directors, and managers were connected mth business 
organizations. 

One-fourth of the members in the military in 1946 did not report 
their occupations or the typo of organization with which they were 
associated prior to entering tho services. However, more than half of 
those reporting had been employed as government statisticians and 
economists. Sixteen per cent had been connected with univerBitios and 
colleges. 


TYPES OP STATISTICAL WORK TERPOIIMED 

Slightly more than 50 per cent of the meinbora of the American Sta¬ 
tistical Association indicated that they had special skills in the planning 
and review of plans for surveys and in the collection or the direction 
of the collection of statistical data, About 48 per cent considered them¬ 
selves to be skillful users of statistical data and to be proficient in 
sampling and analysing data. Nearly twice as many indicated special 
abilities for general research as for teaching. 

Although more than half of the membership specialized in planning 
and rcvicAving of plans for surveys, less than one out of every five con¬ 
sidered this to be his major specialty. Sampling and tho analysis of 
statistical data was checked by 16 per cent as a major skill. 

The relationship between the types of alatistical work regarded by 
the membership as major specialties and the types checked as other 
special skills is shown in Table 4, The different types of statistical 
work have been ranked according to the frequency with wliich each was 
checked either as a major or an "other” special skill. 

On tho average the different types of statistical work were clieckcd 
as "other special skills” 2,6 times as frequently as they wore indicated 
as "major specialties.” It is not surprising that the more specialized 
typos of work—classification; graphic presentation; index number con¬ 
struction; editing, coding, or tabulating—were less frequently desig¬ 
nated as major specialties and more frequently checked as "other 
special skills,” More than 7 times as many considered graphic presenta¬ 
tion as a minor skill as compared with tho number of memborfl wlio 
designated it as their major specialty. 

Space docs not permit the i)rcscntaiion of an analysia in this article 
of tho major patterns of statistical work in which tho membcrB reported 
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TAULB 4 

SPECIAL 0ICILL8 IN BTAT19TICAX WOTlTC TEHTOHMED BY AMEUICAN STATISTICAL 
ABBOCUTION MEMBEHB in 104M 


Mombflra HoporUiiK SlnlUdcnl Work Perlormad m 


Typo oi StallsHcRl Work 

Toldl 

Mii)or BpcclftUy 

Ocher Rpecliil Bklll 


Nunibor 

Por CdDl 

Number 

Par Coni 

Nunibor 

Per Cenl 

All A.B,A. momborfl roporlings 

271ft 

100.0 

— 

“ 

— 

— 

riannlue ftnil T ovlow of plftaa fOT fiwrv^yit 
ColloollviS Dt dlrocblng tho colloGtlQU of 

1372 

ftO.O 

6L0 

10.6 

802 

31.7 

data 

1308 

fiO.4 

asA 

13.1 

1013 

87.3 

Usor of atdtiaticiil 

1304 

48.0 

323 

11.0 

081 

86.1 

BampUng ftnd annlv^ia 

1300 

47.0 

41d 

16.a 

884 

32.0 

GenOral rcaonroh 

1160 

43.8 

351 

12.0 

898 

8U.0 

Editing, coding, nnd UbuiitlEng 

flftO 

ai.a 

154 

6.7 

606 

2ft.0 

Graphite prcfiantallon 

800 

20.8 

06 

3.6 

714 

20.3 

T«aaiiiug 

022 

22.0 

200 

0.8 

356 

la.i 

Inclos number cotukruoUon 

340 

12.7 

60 

l.B 

200 

10.0 

Qufiljby control 

aoo 

11.4 


2,7 

m 

8,7 

Class! noa lion 

m 

a.7 

15 ' 

0.0 

107 

0.1 

Aotuprisl methods 

i&i ' 

5.0 ’ 

03 

m 

fta 

3.9 

OlboT BintiBlloal work 

32 ' 

1.2 

4 ' 

ma 

20 

I.O 


^ 628 iii5mbQrB who roporUA typo of BUllalicnl work performed did »ot Indlenlo nny aklll M Uiolr 
malor apooifiHy. 43&i7ioTnbcTa indloaiod two or moro lypoa ol work m ihott mB)or vkiUi Aod ihiia 
it dupUc&UDi\ In ihesQ fiKures. 


specialization. Howovor, eurvoy planning, data collodion, pompling, 
and editing, coding and tabulation appear moat often in combincition. 

TIBIiDS OF INTBTIEST IN eTATISTICAL DATA AND MBTHODH 

A larger number of the members indicated intorcsta in staiblical 
data and methoda in tlio fields of economics and oconoinio theory tlian 
in any other fields. Pricea and production was tho avibjeot moat fro- 
quently designated as of primary importance. Ono-third of llio Anao- 
oiation checked this field as an area in whioli tlioir intorcata centored. 
One in four reported intorost in labor and employment economics, 20 
per cent noted population research as an interest, and more than ono- 
eeventh. rated tho following as arooa of primary iraportanco’. domcatio 
and international trade, marketing and advertising, sociology and 
social service, vital statistics and publio health, and mathematical 
sciences. 

As would bo expected, tho number of moinbora intoreated in clifTcront 
fields varies considerably whon thoso arena of concentration pro clauai- 
fied as of primary, acoondary, or minor importance, While 12 per cent 
indicated population resoarch to bo a field in which their inleroat in 
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statistical data and methods centered, less than 3 per cent ranked it 
os an interest of primary importance. Similarly, although only one 
per cent rated opinion polling as their first intereat, 8 per cent reported 
it as an interest field. 

The first six fields which the membership ranked as of primary im¬ 
portance were: prices and production, labor and employment, general 
economics and theory, marketing and advertising, vital statistics and 

TABLE 5 

FIELDS or INTEREST IN BTATISTICAL DATA AND METIIOD.'a OF MEMBEUS OF THE 
AMEIIICAN STATISTICAL ASSOCIATION IN 1046 


Fiolcla of Interest in Stalistienl 

Data and Mothode 

All 

M embers 
Reporting 
Interoab 

Mombora RnnkJng Iiilorcata as of; 

Primary 

Importanco 

Bocondnry 

Importance 

Minor 

Importance 

Num¬ 

ber 

Per 

Coni 

Num¬ 

ber 

Per 

Cent 

Num¬ 

ber 

Per 

Cent 

Num¬ 

ber 

Per 

Cent 

All A.a.A, membora’roporliiig; 

*27116 

100.0 

— 

— 

— 

— 

— 

— 

EconomicB and oconomio theory; 









Qoncrnl Intorcat 

400 

10.0 

162 

0.0 

213 

7.7 

06 

2,8 

PrlccB find production 

034 

33.8 

384 

13.0 

330 

12,2 

214 

7,7 

Labor and omploymont 

050 

23.6 

200 

7,0 

173 

m.»m 

208 

0.7 

Domcfilic nnd Inlornallonnl trade 

416 

15.0 

65 

2.0 

148 

6.3 

212 

7.7 

Public nnnnco and tnxntiQp 

364 

12.8 

78 

2.8 

01 

3.3 

IBS 

0.7 

Trftnflportalion and public utilillen 

244 

e.B 

60 

3.1 

67 

2.1 

101 

3.0 

lIUBincaa and managomont: 









General InLcrcat 

338 

12,2 

100 

minm 

100 

3.0 

120 

4.7 

Marketing nnd ndvorllBing 

421 

16.2 

134 

4.8 


4.0 

101 

6.8 

Accounting and prlvnlo flnanco 

330 

12.3 

108 

Knl 

100 

3.0 

131 

4.6 

Pareonuol 

25B 

0.7 

34 

1,2 

68 

3.2 

140 

6.3 

Produolion design and prod, control 

220 

6.3 

02 

2.2 

0.3 

2.3 

104 

3.6 

Population reaenroU 

647 

10.B 

08 

2.5 

146 

6.3 

S31 

12.0 

Bociology find BDcinl BQTvlco 

416 

16.0 

126 

4.6 

84 

3.0 

200 

7.6 

Vital aLaLlfilica and publio boallh 

40B 

14.6 

120 

4,0 

01 

3.3 

IDL 

0.0 

MntliQmaticnl acicncca 

362 

13.8 

104 

a.6 

84 

3.0 

104 

7.0 

Opinion polling 

ail 

11.2 

34 

1.2 

07 

2.4 

210 

7,0 

Agricultural ccoiiomioa and rural ata- 









LiaLica 

207 

10.7 

80 

3.2 

63 

1.0 

155 

6.0 

Pflycliology 

252 

0.1 

00 

2.2 

62 

1.0 

140 

5.0 

Educnllon 

243 

6.6 

60 

2,0 

00 

2.2 

127 

4,0 

Biological acioncofl 

237 

8.0 

60 

2.1 

06 

2.5 

llO 

1.0 

Pliysicnl solonccB and engineering 

200 

7,3 

64 

2.0 

64 

2.Q 

02 

3.3 

Modlclno 

100 

7.2 

41 

1.6 

62 

3.0 

70 

2.7 

Agricultural expcrimontallon and pro¬ 









duction 

143 

6.2 

41 

1.6 

36 

1.4 

04 

2,3 

Clicmlcnl acionccB 

76 

2.7 

10 

0.4 

18 

0.0 

47 

1.7 

Other Ilelda ol Inlorcal 

01 

2.2 

38 

1.4 

11 

0.4 

12 

0.4 


* 420 momborH roporLcd but did not Indlcnln llio order of ImporlancQ of Llioir InlorouLft. ^I'lio pri¬ 
mary iiilcrcBlB of Ihcflo membora wera dotorrnlncd by obaorvatlon of rclaLcd iiirormatlon (q.k. ocoupu- 
lion, major Hold of cilucntion) but rankccl ab Rocondciry alnco no major linportanco waa acLuAlly 
ludlontod. 
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public health, and sociology and social ficrvico. Taldc 5 kJumvh liow the 
membevB rated their different fields of interest in Htatisliftiil data and 
methods accordiiig to impoifcanco. 

Of those members ranking prices and production lus their field of chkd 
intci'eat, 23 per cent indicated that domestic and international Undo 
was their second area of ijitorcst, and about the same iiumher <;lu:eked 
labor and employment as of minor importance. The predoininiuit intetr- 
est pattern of those ranking marketing and aclvi'rtising ns initnarily 
important showed prices and production and o])ini<iii imlliiig mh .second 
and third interests, rcspcctlvoly. Other predominant putteriiH rjf inter¬ 
ests are as follows; 

Product design and production control, prices and production, and 
physical sciences and engineering. 

Sociology and social sci'vicc, population rcsoarcli and census, and 
vital statistics and public hcnltli. 

Education and psychology. 

Agricultural expoi’iinontation and hiologicnl Hciciice.s. 

Physical sciences, engineering, and malhcmulical seieiuuis. 

ArFILIATION OF MBMDEHB1IIP WITJI OTHER PIIOKE8810NA1, HOCIETiKH 

Almost 34 per cent of the American StaUslical Associnliun iiieiiiberH 
answering the question concerning mcinborslups in oilier iirofewiDnal 
societies indicated that they had no other afiilialioiKs, 28 jjer eent be¬ 
longed to one other socioty, 17 per cent wore nfiiliatcd with two, and llm 
remaining 21 per cent held mcniboi'ship.s in throe or luoj'e other ]H(j- 
fessional organizations, 

Two out of every five memhors wlio wore aflilintud with oilier grouii.i 
belonged to the Amorican Economic Association; ttlin(),4L 17 piw eeiit 
were members of the Institute of Mathematical SlatiKlir.i. In Table 7 
the societies whiclr were listed on the directory form ha\'C been groupiul 
according to subject matter; tho imli.stcd sociotioH enUuod on llie 
directory form by mombera have also been inehuloil in Ihi'se gonernl 
categories. Sin.ee 38 per cent of the membership reporting iiulienled 
that they belonged to two or more other Bocictiea, exUrnsive (Imiliiuv- 
tions exist in tire first two columns of thin table. 

More than onc-Jialf of Iho members hohmgiiig to iit leiusl one. nther 
society indicated that tliey wore affiliated with an ecuiuiuiies group, 
more than one-third wore afiiliatccl with one or more of the "p'dhieal 
and social science" societies, and almost 23 por iicnt were iiieiriliois 
of other associations. More than one out of every five moiulxM'n Ito- 
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longed to a mathematical or other statistical organisjation. Eleven, 
per cent were associated with one of the societies clossilied under 
business management, and six per cent were members of psychological 
and educational associations. Although the members of the American 
Statistical Association were for the most part interested in the social 
science fields, it is notable that almost 13 per cent of the membership 
belonging to other professional societies were members of physical 
and biological scionco associations, and almost 16 per coni belong to 
the American Association for the Advancement of Science, an organiza¬ 
tion composed of persons having a diversity of interests in the soiciiccs. 

Some measure of the diversity of interests of the individual American 

TABLE 0 

NUMBER OF OTHER PROFESSIONAL SOCIETIES TO WHICH AMERICAN 
STATISTICAL ASSOCIATION MEMBERS BELONGED IN 104B 


Number of rrofcssionul So cl dies wiih 

A.S.A, Mombera 

which AfTiliatod 

Number 

Per Cent 

All A.S.A. members reporting: 

2700 

100.0 

None other 

D<12 

33.7 

One or more other 

lB5i 

00.3 

Ono other 

787 

28.2 

Two oLliera 

470 

IT.l 

Threo oLliora 

800 

10,0 

Four others 

14B 

6.3 

Five olhore 

60 

Z.l 

Bix othcra 

46 

1 .0 

Boven obhera 

12 

0.4 

Eight othora 

7 

0.3 

Nino or more others 

11 

0.4 


Statistical Association members is provided by the data in Table 7 
which show those members who belonged to ono other society or to only 
societies classified under one major subject matter group. Fifty-eight 
per cent of the members who belonged to other societies wore associated 
with only one of these major groups, about 27 per cent belonged to one 
or more economics associations, and 12 per cent hold memberships in 
^h^olitical and social scienco** societies. Although more than 22 per cent 
of the American Statistical Association inombcrs who belonged to 
other societies wore members of some mathematical or other .statistical 
association, only 10 per cent belonged exclusively to societies in this 
grouj). 

Diversity of interests of individual American Statistical Association 
members is apparent from figures which show that almost 42 per cent 
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Ti\DLE 7 

AMEHICAN aTATIflTiCAL ASSOCIATION AIEMUHnS* AFFJUATlONfl WITH OTflFH 
pnOFESSlONAL B 0 CIET» 1 -:S IN \m 


A. S. A. MemWt! 


PtorMaloTiftl fioclellca anJ OroLpa 

Dclonglng to One 
or Mote Other 
IWcad-nflil 
Bocletln 

Brlnnglng loGnly 
Onr Othn 
IVofw^Lnal 

Jlc'JcnfJiiRln fh- 
ciMlji* In Only 
C>nr Omup*’ 


Number 

Fer C«a£ 

6fMBtArr 

f*er (,Vi| 

A’uiBiIrr 

hr Ccnl 

AH A. S Ai nembera rcporllng AflijlBlIoii with other 

1 






g&ciclica! 

JS91 

100.0 

787 

42.6 

1082 

68.4 

Econoiuio 

m ' 

53.0 

zn 

21.1 

m 

27.3 

Amcrkaa Economlo AsaoolBlIoji (t) 

720 i 

30.3 

270 

J4.0 



Aincrlcikn. Marketing Au ode lion (4) 

216 

11.0 

73 

n.9 



Economelrlo Society (ft) 

173 ' 

0.3 

13 

0.7 



American Farm licoaomlo AMOcIaUan (13) 

70 1 

4.1 

22 

1.2 



Ollier econoinla itesncUtlona 

loa 

5.6 

14 

o.a 

1 


FollHcal Bnd Boefal eclcncd naeoelaMona: 

&43 

34.7 

16S 

R.6 

222 1 

12.0 

AiBCTlcaci Atnilero^ o[ ToUlU-al Social Bi^leivco (fi) 

133 

lO.O 

21 

1.2 

J 


Academy ofPollHofll Sclcnca (7) 

163 

8.2 

23 

1.2 



AmcrlcBQ Publlo Ilcallh Aesaclallon (8) 

140 

8.0 

4a 

9.0 



Popuialion Aasocinlbn of America (0) 

15i 

7.2 

13 

0.0 



American Sodologlcal Bocicly (10) 

103 

6.6 

19 

P.fl 



American Polilloal Science Anoolalloo 

38 

2.0 

4 

0,2 



Hural Borlologlcal Society 

M 

La 

1 

0.1 



Other tiallUcat and aoclal eoloneo osaocUllana 

167 

10.1 

33 

1.0 



Mallkcmallcal and alallslloal asBoolBlIona; 

417 

22.6 

107 

5.a 

183 

Q.8 

Infllilulo of Maihcma Ileal SlptUlIca (3) 

313 

J6.0 

70 

a.a 



AeluaiinlfiodeVy of Amciica 

35 


k 

O.l 



InaUlulo of Aoliiarlca 

31 

i.a 

3 

0.1 



Nnllonal Bocloly of (Quality Conlro! Engfacen 

33 1 

ua 

7 

0,4 



Other math email cal and ala Via Heal Rnocialloni 

m ' 

10.0 

27 

k.5 



Buslnefla manaKoment aaflocfslIanB: 

2LQ 1 

LUa 

40 

3.6 



Boeloly for llio AdyancconoiU of Manacomeni (14) 

00 1 

2-7 

10 

0.6 



Amcrloan Managcmonl AbocIbOoji 

13 

2.3 

0 

0.3 



Nnllonal Awoclal Ion of Coit AcwwnUnla 

40 1 

2.2 

IG 

O.a 



American Soolcly for Publlo AdJAlnlalrAtlon 

31 

1.8 

a 

0.2 



Olhor budlnoflB managemctil Baaodadana 

54 

2.0 

16 

0,8 



Paychoiogloal and oduanilonai aaaoniaiionB: 

1)2 

0.0 

21 

l.l 


1.0 

American rayohologlcnl AaBoclalEoa (11) 

77 

4.2 

14 

0.8 

Psychomclrlo Society (13) 

67 

3.1 

4 

0.3 


1 

AraDrlciiTi Educationul Hcecareh ABeoclallon 

30 

I.O 

1 

0.1 


1 

OllLor psychological and oducatlonal aaa'ns. 

U 

0.7 

a 

O.l 



Olhor aasodallona 

421 

22,7 

00 

a.2 

m 

1 

4.0 

American Aad^n. for Hie Advanccmcnl of Bclcneo (8) 

272 

14.7 

16 

O.D 


Phyaloal and Ulologlcal Aaaoolallnpa 

24) 

)3.D 

44 

2.4 




* 773 C4I.a%i roportlne memUffl lulong^a U) m«kiUH<w 4 In \wa of ^roupa; WS inrtn\>rJi 

WflTo BWJcIalcJ w]tb tffo groupaj 180 (0.7%) nUli Ihrco groupaj nncl 37 (2.0%) wllh fgur of fivo gitJUps. 


of thoso members who wore tr/niintcd wiLh other Bodolio.s Ih)I(iiik<’(I to 
asBociationa which fall into two or more aubjoct matter 
and 12 per cont were mcnibera of aocictiofl clasHified in tlivr'o ttr more 
of the gonoral groups, Tliroo hundred mombora (10 per cent) held eol- 
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lateral memberships in an economic, political, or other social science 
association; almost 9 per cent were associated with both a political 
and social science EiSBociation and an organization classified under 
other associations^*; and 7 per cent were members of both '^economics^* 
and '^business management" groups. 

Table 8 shows collateral memberships held by American Statistical 
Association members in any two of fourteen other professional societies 
which were checked most often by reporting membora. For example, 

TABLE B 

OYEULAPPINQ MEMDERBniPfl OP AMERIOAN BTATISTIOAL ASSOCIATION MEMDERS' 
AFFILIATION WITH ONE OR MORE OF 14 OTHER PROFESSIONAL SOCIETIES TN ms 



1 A,E.A. 720 10 a 40 3 10 30 12 103 100 101 00 02 


cd 

Ph 

12 

a 

3 

20 

1 

28 

10 

4 

4 

0 

2 

12 


2 I.M.B. 313 3 20 2 13 0 11 

a AA.A.S, 272 1 28 0 33 82 41 

4 A.M.A. 216 10 4 7 6 5 a 

6 A.A.r,B.8. iOfl 4 0 0 1 23 20 

D E.8. 173 2 12 10 0 6 12 

7 A.P.0. 162 3 1 7 2 4 7 

a A.r.n.A, no o i o 4 lo 33 


134 2 4 a 3 60 


13 0 11 H 0 60 13 10 BO 

33 82 41 44 24 30 30 10 

6 5 a a 22 10 23 0.0 

1 23 20 22 40 17 1.2 2.1 

0 6 12 4 21 0.0 0.0 2.1 

2 4 7 0 1.1 2.5 1.2 1.3 

4 13 33 0.3 0.2 1.2 0.2 2.4 

3 60 l.a 0.4 O.Q 1.0 0.2 2.2 


10 A.S.0, 102 3 4 a 6 


3.0 0.7 0.2 0,3 1.2 0.3 1.7 


1 0,3 0.2 0,2 I 


12 A.F.E.A. 70 0 0 

13 P.B. 67 I 

14 S.A.M. 60 0.1 

15 A,B.A. 1G64 2.7 3.1 


— 0,2 0.2 — 0,4 O.B 0.3 0.4 0.3 

— 1,3 0.2 0.2 0.1 0.1 0.0 — 0.2 1,8 


0.2 0,1 
6.6 7.2 


0.2 0.1 0.2 

8.2 0,3 10.0 


Norn: FcrocnLngCfl ara aliown in Iho low^or lielt nf llih Inblo nnd ann mogl cnally bo rclalcd to Ibo number oF mom.' 
bcu-fl by use of row niid column itUTnlrerB. Tlio compiolo nnine of onoh profoBBloniil Hoololy can bo dolcrmlnod by coir 
parinB lie oodo numbor with Ibo code numberfl givon In Tnbie 7, 


of the 729 members who belonged to the American Economic Associa¬ 
tion, 106 also belonged to the Econometric Society and 103 were mem¬ 
bers of the Academy of Political Science. Duplications exist in these 
figures.® Among those aocietica not shown on this table, the most im¬ 
portant overlapping occuiTcd between the two actuarial societies listed, 
26 American Statistical Association members belonging to both or¬ 
ganizations. 


■ It 1b not pOBslblo to preBonl in tlila pnpor llio mnny cornbinnllonB of HociQlIca to wbloh Amcricnii 
Stntlflliflal ABaoclnllon mombora bolongod. However, dnln for any particular combinnLion nro avuilnblo 
and can bo bad by writing to tbo National OHlco. 
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JSDUCATION 

More than 92 per cent of the Amciican Stfili-stifdl AwKK'ialion inora- 
bera have received dogices from colleRCfs or iini^'crsiluiHj the liiRlicst 
degrees attained being divided almost erpially between Ijiielielor of arts, 
master of nrtSj and doctor of philosojjhy or tlieir orpjivnlenU. 
]?ifty-sevon per cent of the mcinhcvship had degrees in one of the 


TA11I.E 0 

EDUCATIONAL MAJOIIS AND OECIUKES <)1' AMEUK'AN KTA J JHI K’Al, 
ASSOCIATION MEMIIKIIS IN llHa 



McmU^in Wlio 
Tbnl 

TJioy Ilrcrit'cd 
UcRrcca 


lliglttrAi Drjifrp ur 

V^fluWalcTiV 


EJucuLion Mafor 

n.A. 

M A. 

PhJ). 


Num^ 

ber 

Per 

ColiL 

Xum- 

l>or 

Per 

Cent 

Num- 

brr 

Vrr 

CVnt 

Stmi- 

brT 

IVr 

Orit 

k\\ A.B.A. it\cmb©Ta 

2603 

lOO.O 

BOl 

33.0 


, 

7W2 

30.0 

Economics 

010 

36.7 

200 

to .4 

307 

12.0 

nrj 

11 ..7 

MnlhcmnlLca 

330 

13.2 

100 

0.2 

1(H) 

1 3.1) 

70 

1.1 

SuUBllca 

Btuincaa adininisLration nnil mar- 

200 


02 

3.0 

V21 

1 A.H 


2.1 

kollne 

101 


05 

2.1 

DO 

n ,7 

111 

.4 

Sociology 

ilO 

HKI 

10 

.7 

.10 

1.6 

ftj 

; 2.0 

Ensinecriii^ ' 

100 

A.l 1 

7 B 

3.0 

2:1 


ft 

.2 

Paychotogy 

oo 

m 

11 

,4 

22 

.H 

ft? 

2 a 

Social flclcncfl 

OD 

m 

23 


27 

M 

Ill 

.7 

Libcrnl arts 

w 

2.2 

4\ 

1.7 

12 

.6 

1 

1 

EducdUon 

M 

2,1 

10 

A 

24 

.0 

20 

.H 

C)i(^TnfBlry 

64 

2.1 

10 

.7 

)0 

A 

26 

1 .0 

Biology 

40 

1.8 

14 ' 

.6 ; 

7 

A 

26 

1.0 

Mcdloifio 

42 

1.0 

1 

1 


, 

41 

Uf\ 

rolillcdt fiolcncQ 

41 

1.0 

0 

A 

17 ■ 

.7 

tft 

.0 

IiftW 

37 

1.4 


—, 

37 ■ 

1.4 


- , 

AgrloiiUuro 

31 

1.2 

fl 

,3 

13 

.ft 

1(1 

.4 

Pablla JicnJlh « 

20 

1-0 

2 

.1 

U 

A j 

Kl 

A 

Pliyfllca ttiid fttaloKy 

22 

,0 

7 

,3 

0 

n 

0 

A 

OlhcT a 

01 

3.7 

-13 

1.7 

37 

1.4 

14 

.6 


* 208 ot lUo 272A (nembers yrlio cilucalion iSJ not iDccivo callct;e or ilrntcra, 

f Lctb tliikn .06 poX CDi^i, 


social sciences or their specialized disciplines; 05 per cent of llioso who 
held doctorates had a major in the social aciimccs, Ah wonhl ho sug¬ 
gested from previous tables, moat of the. memhnra not only Ivhvc H.A. 
degrees in economics, but one in eight liavo do«toriil(;H in this field. 

Onc-fourtli of the meinbora have cducniioiuil >i)ajor.s of nmMiomntir.H 
and statistics; ono in seven 1ms doctoriiloH in llic.so tiro licldH. 'ruble 1) 
shows the major field of study for tlioao memimru who rciuirtod lliut 
they had received one or move degrees. 
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PAIITICIPATION OF THE MEMDEns IN THE ACTIVITIES OF 
THE AMETIICAN STATISTICAL ASSOCIATION 

One out of every seven members has had papers or articles published 
in the Jouhnal op the American Statistical Association. However, 
more than ha]f have published articles in other journals or books* 
Thirteen per cent of the membership liavo given papers at annual 
meetings and are in general the samo members who wrote for the 
Journal. Four per cent of the membership have held one or more na- 
tional offices, and seven por cent have been officers in ouo of the local 
American Statistical Association chapters. Three por cent indicated 
that they had been chairman of one or several sessions of annual 
meetings. 

geographical distribution of the membership of 

THE AMERICAN STATISTICAL ASSOCIATION 

The change that has occurred in tlie geographical distribution of the 
Association's membership over the years is shown in Table 10. The per 


TABLE 10 

SHIFT IN GEOGRAPinCAL DISTRIBUTION OF AMERICAN STATISTICAL 
ASSOCIATION SINCE 1603 


Aren 

1803 

1020 

1040 

1046 

Number of moinbcrs 

C04 

020 

2044 

3307 

Por conL of membora in 





Now Englniid 

30.4 

11.0 

0.4 

4.0 

Middle AUnnlio 

28.4 

46.8 

36.0 

31.6 

SouLli Ailaiilio 

10.5 

13,4 

20.3 

31.2 

Eeflb North ConLral 

12.7 

18.0 

13.3 

12.4 

Other arerw 

12.0 

10.3 

16,4 

20.0 


Daln for 1603, 1020, nnd 1040 from Lnblo in nrliclo by Funkhouflor, op, cit., p. 330, 

Now EnK^nncl: Me,, Vt,, N. 11., Mrhh,, R. I., Conn.; Middle Allanlio: N. Y,* Pn., N. J.J South 
Atlnntioi W. Vn., Va„ Md., Del., N. C., S. C., Gft., Fla., D. C.; East Norlli Conlrnl: Wia., Ill,, Ind., 
Ohio, Mlcli, 

cent of the membership in the ISfew England region has declined 
steadily since 1893, while the proportion of the members in the South 
Atlantic region, which includes the metropolitan area of Washington, 
has continued to increase. In 1945 about G3 per cent of the members 
were located in the Middle and South Atlantic regions; 27 per cent 
lived in the Washington, D. C. area; and about ono-foiirtli were 
located in New York state, chiefly in the City of Now York. Women, 
comprising ten per cent of the total mcmljersliip wore distributed fairly 
proportionately among the areas. 
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TJie tables presented in this paper summarize the more imnortunf 
charaoteristics oi the American Statislical As.seciation mm.iboriun In 
the process of compiling these summaricH aJ! nvailalile infornmtion iva. 

or detailed analysis possible without imdiio additional effort TJm fiin 
of punch cards will be maintained for six numilrs and every (‘ITort'i d? 
bo made during that period to satisfy any considered rccpiost of in 
dmdual members for additional information. 



BRITAIN'S NEW POST-WAR ECONOMIC GUIDE 

KonuAN Chump 

Fino.ncial Editor "Sunday Times’^ (London) 

N early two years ago Britain's Government of tho day, which 
included representatives of all political parties, issued a White 
Paper on Employment Policy. The concluding passages of this docu¬ 
ment made it clear that all the Government's proposals for tho mam- 
tenance of employment depended for their success upon a full and 
continuous knowledge and appreciation of all facts bearing upon the 
nation's economic position, It, therefore, went on to say that ^'the 
Government intend to establish on a permanent basis a small central 
staff qualified to measure and analyze economic trends and submit ap¬ 
preciations of them to tho Ministers concerned.'' 

Actually such a staff came into existence early in World War II. It 
is described as the Central Statistical Office, and was directly re¬ 
sponsible to the War Cabinet. Much of its work necessarily remained 
secret during the war, but it was responsible for the annual White 
Paper measuring and analyzing Britain’s national income, as well os 
for the document describing Britain's war effort, which appeared 
towards tho end of 1944. 

Quite rightly, it is to remain a permanent body. One of the first 
fruits of its post-war labors is a now publication called the Monthly 
Digest of Stalislics. This is available to the public, as well as to Minis¬ 
ters and Government offices. The first issue, for January, 1946, ap¬ 
peared in the middle of February. 

Part of tho information which it contains was already appearing , 
elsewhere. For years past tho Bank of England had published a monthly 
SialisLical Summary^ which was of the utmost use to those concerned 
in economic trends. Publication of this Summary has now ceased, and 
many of the statistics which it included have been transferred to and 
will be continued by the new publication. Similavly the Board 0 / Trade 
Journal publishes statistics of wholesale prices, external trade, coal and 
steel production, etc. These again arc to be found in the new document. 
So, too, with the statistics of wages, earnings, employment and tho cost 
of living which appear each montli in the Ministry of Labor's Gazette, 
Hero the main advantage is that those statistics are assembled in a 
singlo book. How great an advantage that will prove will be realized 
by all those who have to look up and interpret a particular statistical 
fact, while working against tho clock. But tho Digest does much more 
than assemblo material which either is or was availablo elsewhere. It 
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iuoludos many new tobies, wliicli wero originnlly coiiniilrd fur 0<ivern- 
ment use during the wtu^ but wliicli for KCcuriLy rcnHuiis Imvo hitherto 
remained unpiibliahcd, 

Tlie Digest falls into eleven nuiin scctiims. Tlu'se are, lOinploynient; 
Fuel and Power;Raw Materinls (production, conHiiinplirui and stocks); 
Manufactured Goods; Building; AgricuRuro and Fotul; I')xt<wnal Trnde; 
Merchant Shipping; Inland Transport; Fiimncc (flovnriimoiit nnd 
Banking); and Wages and Prices. TJio tiihlc.s are not yet ('iiliiely emn- 
plete. In soino inetanccs stocks arc not incluile.il. In ulhera, pre-war 
statistics arc cither lacking or have l?<‘(!a omiltod. It i.s to bn hope<l 
that this will he remedied in subsequent iasucs, Init in soiun cases it 
must bo recognized that tho noe(!ft.sai'y details only begtin lo l)o col¬ 
lected during tliG war. 

These are small points of criticism. It is much more iin])i>rli\nt to 
notice that tlie raw materials Bccliou includes iron nnd Ht<>e] in con¬ 
siderable detail; non-ferrous inotals; timlier; textiles (pioduetion, con¬ 
sumption and stocks); hides, skins nnd Icnllier; nibljcr, bolli nnlnrnl 
and synthetic; chcmiaala; and wood-pulp anil jjajnir. Aluniifiuiturcd 
goods statistics range from motorcars to sowing mncbiue.H nnd electric 
irons; from fountain pens to tooth Imislics; from (luslIjinH lo footwear; 
and wardrobes to dining-room chairs. There nrc details of beer, spirits 
and tobacco, wireless liceiicc.s and car rcgiHlrntiuiiK; retiiil sah^s of 
food, clothing and household goods, in index form, Tim liuilding sec¬ 
tion includes the number of opovalivos at work, produolion of jiialerinls 
and components, temporary houses, and the prugress (atilt in l)io iniliul 
stages) made towards tho building of pormnneut Iioukch, 

Of greatest importance perhaps is tlm section on Kinployinenl. This 
is good as far as it goes. But the latest HtnliHtic.s aro Ihoso for Kovcinher, 
1946, and domobilizntioii ha.s since mntle furliior considornblo imogresa, 
Nor does the Dipesi contain nny attempt to look alieml. 'J'liero is 
nothing resembling tho "man-power budget,” advocated in the I'lm- 
ployment Policy White Paper ms nn inslrumont essential lo iluJ jiroper 
formulation of employment policy, 

That is not the fault of the Central StnliHticnl Offico. Tho ju'cpnru- 
tion of n man-power budget dopeudn upon deciHiouH of the lu'gli(*,st 
policy. But until those dcciaionn arc taken, and tiro maiv-iMivver bvulget 
is prepared and publislied, Iho nerv Diff/ml can uiily bo nn 

auxiliary, even though invniuable W'ithin its own limits. It will mil liy 
itself enable cUlvcv Government DcpniTments or iiuluHtrinlisla to 
complcto their future i)laiia. 



PROBLEMS AND METHODS OF THE SAMPLE 
SURVEY OF BUSINESS* 

Morois H. Hansen, William N. Hurwitz and Margaret Guiiney 
Bureau of the Census 

In buBincss sampling, as in tho gcncml flainpUng problem, 
the over-all test that wo apply to a Hainplo closign is that it 
shall yield the desired information with tho reliability I'c- 
qiiircd at a minimum coatj or, conversely, that at a given cost 
it shall yield the estimates desired with tlio maximum relia¬ 
bility possible. A eccond criterion which wo impose on the 
sample design is that tho reliability of the sainplo results should 
be measurable. This requirement eliminates from considera- 
tlon many siiporficially attractive sampling sehomes which, 
while generally economical in both time and money, may lead 
to faulty Qoucluaions. 

A particularly important cliaTActcriatic of tho distribution 
of sales of busineas establishments is that tho distribution is 
highly akowed, with relatively few largo CBtablishmonts ac¬ 
counting for a substantial proportion of total sales, Tho 
aamplo design takes advantage of this fact and in eo doing 
yields a sample of greater efficiency than would result from n 
sample of equal size if tho distribution were normal. Various 
size clasBCB are distingiuBhcd and tho theory of optimum allo¬ 
cation indicates the numljcr of stores to be sampled from each 
class. Largo stores will bo sampled from a listing of establish¬ 
ments, and the more numerous smaller stores will bo sampled 
by cluster sampling. 

The appropriate sampling theory is given for measuring the 
various contributions to the sampling error, and for maximiz¬ 
ing tho information obtained per dollar expended. 

T ub application of recent ndvancca in sampling methods to tho 
problem of measuring, for example, retail sales and changes in retail 
sales by kinds of business now makes it possible to improve the quality 
of the current survey work being done in the business field by the 
Bureau of the Census. The revision of the survey methods will be 
carried out in connection with the expansion of this work now planned. 
The revision and expansion of the survey involves designing a sample 
of rotad stores iliat will produce: (a) reliable national estimates of total 
retail sales and of month to month changes in sales, by kind of l)iisi- 
ness; and (b) similar figuica with somewhat less prcciHiou for individual 
largo cities, and subsequently, for regions and individual States, In this 


♦ Thin pnpor wna prcacnLcd nL fclio nnnucil meeting of tho Amcrlcnn SlntiHlical ABsooialion on 
Jnnunry 20, 1040 in Clovolund, Oliio, Tho nulhora wish to Ihfink Mr. Max A. ncrellnd for roviowing Uio 
tnanuacrlpt nnclmnkins numorouH helpful auggcfitioiia. 
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paper we shall consider primarily the design of tlic pninplo to meet tlio 
first of these objectives. The extension of the sample iv provide Btatis- 
ties for individual cities and for other arena will be intitie in H\ich a 
way 08 to further improve the general sample, but (he«<! iiietliods will 
not be discussed here. 

SOME FUNDAMENTAL CONSIDEBATIONS IN 8AMP1-B IJEHICIN 

In business sampling, as in the general samiding problem, llio over¬ 
all test that wo apply to a sample design is that it shall yield Ihe desired 
information with the reliability required at n-jiniinunv cost; or cou- 
TCrsely, that at a givon coat it shall yield the cstjinales desired wUIi 
the maximum jcliability posaible. Various resources may be nvaihiblo, 
and restrictions and limitations other than cost restricUona may iicces- 
sarily be imposed on the design, Tho resources may bo in llie form of 
available statistical data, liats of cstabliahmcntn, an e.xiHtij)g field urgaii- 
ization, tabulation facilities, existing knowledge of tho problem being 
dealt with, etc., together with available mathematical staliKlicid t(Uils. 
Tho restrictions and limitations may have to do wUli tinu’. limits to bo 
met, limitations on kinds of personnel that enn bo used, etc. Designing 
tho Bompio to achieve the maximum information at miiiitnum cost in¬ 
volves, of course, making fullcfit possible use of resources and operating 
within tho necessary restrictions. 

A second criterion that wo impose on sample desigus in (lie Hurcinvi 
is that tho reliability of tho samplo results should bo iii(‘nsiirnblo. 
Methods of sample seleDtion and estimation are available for which 
tho risk of errors in tho sample estimates can bo mensured and con¬ 
trolled. Ae tho size of the sample is increased, the oxpoeled diHcrfspaticioa 
between tho estimated value from tho sample niul the true value (i.e., 
tho value that would bo obtained from a complete consim) will dccrci\so 
if such methods are used. With such methods one can know the risk 
taken that the error duo to sampling will exceed a spcci fieri a mount. 
This risk {i.e., the risk that tho error will exceed any Bppcificri mnoxint) 
con be made as small as desired by taking a sample of adequate size. 

The use of methods yielding results whoso sampling errors can bo 
meoaurod hoa |cjj,esq..achfapita^: wo can indicate to tho usors of our 
data tho degroo of confidcucotliby can plaeo in the published figmoK; 
we can make uso of an objective criterion for choosing the "IjcHt” from 
among alternative designs; and wo can dotennino in udvainje of draw¬ 
ing tho samplo whether reaourcca are avnilalilo to got roBulls from (ho 
sample with the reliability required, and so wo may be able li» prevent 
usoIqbb sample surveys from being carried forward. 
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If we permit the use of sample designs that do not provide measur¬ 
able resultsj a gi’eat many s^uperfid^ly, aUractiye sampUng Bchemes 
are eligible for selection. For obtaining a sample of a given size these ^ 
methods are generally economical, in both time and money, but they ; 
may lead to faulty conclusions. 

In referring to sampling errors or reliability of sample results here 
the reference, of course, is to the discrepancy between a sample result 
and the results that would have been obtained from a complete census 
carried out with equal care. Problems of accuracy of response are thus 
not being considered in this paper. It should be pointed out, however, 
that in practice it may be possible with a sample to carry out more 
careful operations and insist on greater accuracy in the various field 
steps than is feasible in a complete census, so that actually nonsampling 
errors may be reduced in a carefully conducted sample survey below 
what would be present in a complete census. 

DIFEICULTrES OF METHODS OFTEN USED IN BUSINESS SAMPLING 

A method often used in business sampling is to mail questionnaires , 
to all or a sample of establishments included on available lists and to 
depend primarily on a voluntary mail response to the mailed inquiry. 

In using such returns it has usually been assumed that, if sales for two"^*^‘ 
periods of time are collected from an identical set of stores, the change 
in sales between the two periods for the identical stores ’will, in fact, 
reflect the change in total sales for the specified kind of business. This 
type of sample estimate may be subject to two sources of bi^ (1) the 
mail responses may not reflect the change in sales of iho non respondents 
to the mail questionnaire; (2) the available mailing lists are usually 
out of date and hence the sample drawn from the lists does not provide 
the information for estimating the net effect of the turnover in business 
establishments. 

It is possible to overcome the kind of difficulties outlined by the 
use of modern sampling methods. Using these methods we can produce 
results the reliability of which can bo controlled, and which, with an 
adequate size of sample, can bo made as precise as desired. At the same 
time, these methods point the way to minimizing the cost of obtaining 
results with the desired precision. 

CnAIlACTEniSTICB OP T]TE POPULATION TO BE SAMPLED 
AND HESOURCEB and FACILITIEB AVAILABLE 

A particularly important characteristic of the distribution of sales 
of business establishments is that the distribution ia highly skewed. A 
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relatively few largo cstaUirfimenls, conslituliHR n Hinall i>nj|Mn Liun of 
all establishments, account for a Kubstnutial iiroimrlitiii of tlic total 
sales. At the same time, the very large iiiinilior of remuiiiiiig c.itnbliHh- 
menta also account, in the nggreguto, for a substuntiivl i>ri>i>oi’tiim of 
total aalcs, This highly skewed clistrihutinii can ho u lilizet] in the Hamplo 
design to produce more reliable rcsull.s for a given aizti of Kainplo tlmu 
would bo possible, if, say, the sales wlmc normally diKlrilmtvd, This ad¬ 
vantage of the fikowncBS of the popululioii can, of cmirst', only bo uti¬ 
lized if approximate incaaiuGS of size nro availabln in advniico of Inking 
the survey, thus making it possible to select tlio larger eslablishouMits 
fot special Ircatmout in eampling. This tyjw of infuntialion i« available 
foi’ the larger cstablislnnents, allliuiigh no up to dale and coiopleto list 
of all retail establishments is available. 

jRecordfi that are available anil will be uacd include: (n) Kperial SJe- 
ciirity records—tlio Social Security Board has records of iiniiiloycrs in 
coveFcd indvistrics ha\'ing one or more employees. These riu'ords avo 
available on a loliitivoly up to dale basis and arc cliissilied liy primary 
kind of business, (b) The Inst census of bu.sinoH8"-tlio 10-10 (icii.sn,H pro¬ 
vides a record of cBtablirthmenls by kinds of busine.sH a.s of the date of 
the census, although tho.so records are not Jiow uti to date. However, 
tho census provides extensive .statistical infurimilion on rulnil trade as 
of 1940 that can bo effectively utilized. 

In addition to tho Social Security rccordN and the data froin the 1040 
Census, another important resource avaihdde to tlm Bureau of tho 
Census is an ^iating field organization operntinR in 08 diffiTont Munple 
areas. This field organization has been eslablislicd for piii'inwa of Ink¬ 
ing tho Monthly Report on the Labor Fovco and can be \ikih1 and i^x- 
tended for the Qurrent buHinesa survey. 

An additional resource of importance is the availability in tln^ Cl'iihum 
of comparatively up to dale maps covering cities Imving mure tlian 
^5,000 populotion. These maps are brought up to dale uniuudly and 
show, for tho most part, the location and general typo of use (»f indi¬ 
vidual structures. They have been acquired by tho CensiiH na nn aid in 
sampling and in census taking, niid can be effectively utilized in Kiuupla 
surveys of both population and busitie.ss. 

We shall not attempt to present a detailed dcscvipliou of llie sample. 
Os niany of the details Avill be modified as the dcHign is put into effect, 
but a brief description of tho sampling iilan will he given wilb elabo¬ 
ration of QUO or two .specific points aa illnstrative of Ihu vole that 
modern sampling inolhoda play in dctcrininiiig llie uani|ilu design. 
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DIVISION OF RETAIL TRADB INTO TWO BUBUNIVEEBE8 
AND ALLOCATION OF SAMPLING TO EACH 

It will be convenient to regard the universe of all retail stores in the 
United States as divided into two subuniverses: first, those that are 
included on a list of largo stores that will bo prepared; and second, those 
that are not. One can proceed separately to design a sample for each 
of these subuniverses. 

A question that must be considered concerning the subdivision of the 
population into a subuniverso of listed large stores and a subiinivorso 
of all other stores is: How many establishments should be included on 
the large store list? Records are available from which more than half 
of all stores could be included on the list, whereas it is expected to 
include only about the largest 10 per cent. Why include only 10 per 
cent? Certain optimum sampling principles, which will be described 
later, dictate that the very large stores must be on the list and suggest 
that the more stores included on the list the better. On the other hand, 
various administrative considerations, such as tlie difficulty of identify¬ 
ing and matching stores in order to avoid including some in both sub- 
uni verses, together with problems of dealing with births and deaths of 
establishments, operate to hold the number of stores included on the 
list to a minimum. At the outset, those administrative factors point to 
keeping the list down to the 10 per cent now contemplated. 

The list of largo establishments, classified by kind of business, has 
been prepared based on the Social Security records, Each establishment 
on the list has an indication of size based on payrolls during a previous 
period. Of course, the actual current size of each establishment listed 
is not known, but the wages paid during a prior period provide an 
approximate measure of size. 

The use of past payroll information to distinguish large from small 
stores means that there will be a number of stores not on the list that 
will bo larger in current sales than many of those that are on the list. 
Despite this fact the use of a subuniverso of listed large stores will be 
highly effective in inci'eusing the reliability of the sample. With the 
methods to be followed, if the measures of size used are highly cor¬ 
related with the actual sales during the ciiiTcnt periods under considera¬ 
tion (as will bo the case), then the use of the measures of size in classify¬ 
ing the establishments will bo exceedingly effective in reducing the 
sampling error. On the other hand, even if the measures of size wore 
not highly Gorrclatcd with actual sales, no bias would be introduced 
into the sample. Thus, the design ia such that effective use has been 
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made of available resources bo that their use incrcascB the sample ef¬ 
ficiency without in any way biasing the sainjile. 

Considerations of optimuin allocation*- make it clear Hint the suh- 
univei'se of listed large estnblislimcnts should ho sampled more iiitcii- 
sively than those not on tho list. Consequently, approximately 30 per 
cent of those on tho list will be included in tho sample, while only about 
2 per cent of those not on tho list will be IncltKlcd. This allocation of 
sampling between the two siibunivci-ses nrisoH because tlio stores listed, 
while constituting only about 10 per cent of tho total Ktorea, account 
for about 60 per cent of the total sales. Conveiscly, lluiso not on tho 
list account for about 90 per cent of tho stores and dO per cent of IJio 
total sales. Actually, by including about 30 per cent from tlnwe on the 
list, and about 2 per cent from tho remaining stores, wo find that tlio 
number of establishments included in the sample from each ef tho 
classes will be roughly proportionate to the aggregate enles of each, 
rather than proportionate to tho number of stores. Tins is in accord 
with optimum sampling principles where the iiriucipul charactcri.stics 
to be estimated from the sample arc total sales or changes in total sales. 

To illustrate tliis principle, suppose wc have slrnlifiod the population 
of establishments into two strata, and want to allocate the sampling 
to each stratum in such a way as to jirodiico the moat reliable reavills 
possible per dollar of cost. Suppose, also, that we want to e.^tiniato the 
ratio of sales in the current month to those in tho prior month from 
the sample. We shall use as our estimate tho ratio 


( 1 ) 


fii til 

— yj-h — V2 

ni ih 
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where Xi represents, for tho first stratum, the aggregate salcB during 
the current month of tho stores in the sample, and Xs is the cori-cspoiul- 
ing figure for tho second stratum. Similarly, and Tj rupvcKciit, for 
the two strata, respectively, the aggregate sales of the same stores dur¬ 
ing the prior montli. The total number of stores in the first straluin is 
iVi, and Til is tho number of these included in the Rnmple, while A*j 
and 71.2 are tho corresponding figures for tho second stratum. 'Dm vmi- 

> Tho notion at optimum nllopatlon of a Bnmplo wra Introiluccd by J. NoyiuAij, 'O/i ihr* Two 
Dlffcronb Aapoota of tlio Itoproaontfillvo Molhod; A Mclbod of HlrAtinwl SiimpHiig R.nil ibe u\ 

Purpoalvo SfskoUo-n,” Jdiir. Tfoyni 8lai. .3ocu Now fjorleo, Vol 07 (1034). pii, CAB GOd. rIkj V. C. 
Malickliinoblq, 'A Sumple Burvoy of tho AunttM under Julo In noiina)/ Vol. -4 (1040), 

Pp. dll-A30i 



METHODS OF STmVBYIHQ BUSINESS 


179 


ance of this sample estimate is given approximately by: 


( 2 ) 



N,-n , 

{Ni - i)ni y» (iv, -1)«^ y* 


The first term above represents the contribution of the first stratum 
to the over-all variance. In this term, Yi is the aggregate sales of all 
establishments in the stratum during the prior month and 3i^ is 
roughly equivalent to the variance between individual establishments 
in that stratum of the ‘'sales ratio.” By the “sales ratio” ia meant the 
ratio, for an establishment, of the sales in the second period to those 
in the first. The second term has a similar meaning for the second 
stratum. Finally, Y = Yi-\-Y 2 ] that is, Y is equal to the aggregate sales 
during the prior period of all establishments in both strata combined.® 
We want to obtain a sample that produces results of specified re¬ 
liability at minimum cost, and to do this we must take account, also, 
of the relative cost of including an establishment in the sample from 
the first stratum os compared with the cost of including one from the 
second. Suppose, therefore, that the cost of including an establishment 
from the first stratum is fc times the cost of including one from the 
second (fc may be either greater or less than 1), 

With these facts wo can now ascertain tho relative size of sample that 
should be taken from each stratum so as to produce results of the maxi¬ 
mum accuracy per dollar of cost. Wo accomplish this by setting 


(3) 


ni + m 
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It is apparent from this that if fc is approximately equal to 1 (that is, if 
the cost of including an establishment in the sample is about tlio same 

»Actually,IVir+-^ij wlioro ini 2Pi VixViY)Iii^ la approximately 

Xt Xi^X, 

the variance of Iho hqIcb rnlio foroslabllBlimonta [nllio Rrab aim turn; Itt and/J "-7 ;—with Xi 

Yt Vi+ri 

equal to tho ag^rognta aaloa of nil cBbnbllBlimonlo In Uio flrat efcrnlum during tlio ourronl monlb, and JlTi 
eimilarly doHncdforlho Bccondairalum; 

pi la tho correlation boivfeon snlca in llio two periods for cstnbliBhxnonls inoludod in tho Hrab atm turn; 
Vix 1 b Iho cocinalont oj variation of tbo aaloB during tho current porlod ol Iho oalablialimonla lu 
Uio first BtraLum, and 

V\Y is I'ho corroapondlng coofllclcnt of vnrlnlion for tliQ prior porlod; 

2Ji *»»2(Ki“/t)/fi(piV’ixViv — Vir), and Hi will usually bo of ncpliglblo aizo rclailvo to iho ollioi 
lorma 0 / S]. 

Sj Ib similarly dofincd but rclalcB to entabllfllinoonlB in Iho Bccond atralum^ 

If inoro than two atratn wero ^laod Ibo varlnnco of tlio Rampio cAlimato would bo for, nay, L aim to 
• . Nv - n( YiW 


ff'nKlo “ j,, . 


wliero tlio terniH for Iho itli Blratum would nil bo defined ob obovo for tho first etratum, 
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for both of the strata), and if = whieli is approxiiimlcly truo 
when the standard deviation of the sales ratio is the same for cstiilxliBh- 
ments ill the two strata, the optimum proportion of stores to he in¬ 
cluded in tlio sample from each stratum is equal to tlic proiiorlion of 
the aggregate sales accounted for by the cstnhlishmcnlH in the rospec- 
tivo strati, 

It is such considerations that determined the relative allocation of 
sampling indicated earlier between the subuniverse of listed largo es- 
tabliahmentg and the remaining stores. Moreover, it will bo found tliat 
by using this optimum nllocntioii method, tho Hiimpling (M’l'or will bo 
reduced very substantially below what would result from priqiortioualo 
sampling from each subuniverse. Of cour-so, not all of tlie facts iieec.ssary 
to determine an optimum job are available in advimee, and ndjust- 
ments will bo made in the samiile with further experience. However, 
knowledge of the principles and of tlic general cbnriiclerislie.s of the 
population to bo sampled makes it po.ssiblc to approximate the opti¬ 
mum in tho initial design.’ 

The theory just presonted not only indicates the ojiliminn samjiling 
ratio to be applied to each of two size strata, but suggc.sls (bat still 
more gains miglit bo achieved by additional stratilicaliim by size of 
establishment and by using incrca.singly higher siimpling ralio.H us Ihc 
size of store increases. Such couaidcrations suggest, also, that all store.s 
larger than some particular size arc of sullieionl importanci' (hut limy 
should bo included in tho sample. This theory, therefore, Ims a bearing 
on the question discussed earlier concerning liow many sLore.s sluiulit 
be included in tho subuniverse of listed large Hlnre.s. Tim icleviiime of 
the theory just prc.scntcd tu this latter iasiic arises iieeausu, while it is 
feasible to use sampling ratios ranging from 100 per cent dowii in 
sampling from various classes of store.s ineliuteil on llm large store, list, 
the method of sampling from the remaining .slonw is sucli that only 
small ratios arc practicable. In fact, it i.H anlieipaled Mint at (he oiitsd 
not more than a 2 per cent sampling ratio will be aiqilied to any size.s 
or classes of store.s not included on the largo store list. 

THE SAMPLE FROM THE BUHUNIVEIISE OF LISTED I.AUUE B'l'OUKH 

In the previous section wo described liow retail Himes were divided 
into two,.gubunivcrBcs, a list of largo Htoies, and all stmvs nut uu Mm 

»It «lioul(I bo llml Dm Dicory of opDtnuiri nnmpIlMK Jo^l nulliriNl liuMn fur nfiy rtiiinln 

bIhIIbHo, but wlioro csllmixLc^of n rumibcr of ^IlfTeront iltnifl firo woniM fnirri m nhiniil^ n 
may Imvo lo bo inndo botweoil^^llio tlt'Kinnn wlJrli winlil bo optiruuiu fur ^acIi of ilirt 
fitvolvod. Of ton, bowovar. na cnao hero, mnny of llin for wbicti hio 

bo lilghly GOTZQlftUJi nntl fof D)<^ llm doAiKn Ib cIoao lo llio oplimuin fwr eAcli. 

'‘i 

V 



methods op SUnVEYlNG DUSINEflB 


181 


list. Wc shall now consider the sample from the list of large stores. The 
variation among the sizes of even those stores on this list is very great 
and consequently one should not take a uniform sampling ratio from 
these if ho is to approximate an optimum sample design. 

The principles discussed in the previous section suggest that opti¬ 
mum allocation would call for including in the sample all stores having 
sales larger than a certain size, and that the large store list should bo 
divided into a number of strata based on size of store with a different 
sampling ratio assigned to each, There are, howevorj serious disad¬ 
vantages in having too many different sampling ratios. The more 
sampling ratios imposed, tlie larger tho number of different weights 
that must bo used. Moreover, moat of tho gains of optimum allocation 
to size groups will bo achieved if we set up only two classes of large 
stores, one consisting of the stores winch will be included with certainty, 
and tlie other consisting of the remaining listed largo stores. Once the 
list of large stores is prepared, therefore, it will be further divided into 
a very large store list from which wc make every effort to obtain returns 
100 per cent, and a inedmvi large store list from which perhaps 20 per 
cent returns may be required, 

Joint use of mail and personal follow up. Since each of the very largo 
stores is of sufficient size that it should bo included in the sample, no 
matter wlicre located, this small group will be mailed to and followed 
up with field interviews as necessary to insure substantially complete 
coverage oacli month. The follow-up work will bo facilitated by the 
fact that most of tho vciy large catablislimcnta arc concentrated in tlio 
larger cities and tlmt n prompt mail response can bo expected from 
most stores in this group. 

A further application of the principle of optimum use of methods 
is made in the joint use of mail canvass and field follow-up methods 
in sampling from the medium largo store list. Tlie collection of a ques¬ 
tionnaire by mail can be done at a fraction of the cost of collection 
by field interview—provided a mail rosponso to the questionnaire 
can be olDtaincd. Consequently, the fullest possible use of this method 
of canvass should be utilized with minimum use made of the much 
moro expensive method of personal follow up.** The schedules to be 
mailed each month will be in excess of the number actually expected 
to be returned, and enumerativc follow-up will be made of a sample of 
those that do not respond to tho mail canvass. The plan is for a rotation 


* Rno ^The IVoblt^m of Non RcaponBO In SftmplQ Survoya" (Oils JOUHNAL) for n dcBcription of 
opLiininn melliodH of Joint uro of mail and Diiunitmllvo reapon/io. or of any tw'o malhuda whoro one ia 
Igbb cipcnaivo but iho oilier is moro cerLnin of oblainiiie rcaponao. 
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in the follow-up of the medium largo stores not responding so that over 
a period of a relatively few months nil of those not rcHjKUuliiig to the 
mail canvass will bo visited in an effort to build up cooijerjilion to the 
mall Bui'vey, With the mail rc3i)on.sc and coverage through follow-up 
of a sample of those not responding, it is possiljle to compute sample 
estimates without assuming that those rcBponding arc reprcsontatlvo 
of all medium large cHlublishmcnts. 

Use of cluster sampling to facililalc field work by rcafricftnt; sample to 
selected primary areas. Field follow-up of nonrospmuhtnls to a mail 
survey would bo exceedingly exponsivc if Ihc cslnhlishinentH to bo 
covered were widely scattored throughout the entire United Htates. If 
it wove not for this expense the optimum procedure would cull for 
designating the establisliments to bo incliidcd in the sain|)le with no 
clustering of the sample e8tablisJiincnt.s whntovcr. To deal willi tlio 
problem of cost, bowever, the device of cluHtering Ihc sample will ))o 
used. A sample of primary arena will be dcaigiiatcd and inailing to the 
medium-large stores wall bo limited to those located Avitliiu llio selected 
primory areas. A cross-section of such arena will be designaled through¬ 
out the United States sucit that, if tlic retail stoics within these areas 
nra adequately ropresonted in the sample, fiuflioioiilly rclinhhi infornia- 
tion for all stores will bo availablo. This docs not mean lliui the Hiiinpio 
should be adequate to represent well each primary area aupimitoly. It 
does moan that tho samplo should bo adociuato to represent all pri mnry 
areas combined.® Since tho list of inodium-lnrgo stores is not exlcnsivo, 
all the establishments on this list within lhc.so arena will In* niiiiled to, 
and the follow-up of a samplo of those nut responding can ho. instituted, 
Those to be contacted will bo rotated so that over a porhul of \>orhana 
three months oil nonrespondonts to the mailed questioiinaircH wilt ho 
visited. 

Optimum choice of primary areas. With tho adoption of lliia cluster 
sampling approach tlie question still rcniniiiH: What kind of a sample 
of areas ought wo to select? The solution to this problem was fairly 
clear in this instance because, ns indicated oarlior, the Uiinjnu has nn 
operating field organiKation taking tlio Monthly IleporL on tho Lalior 
Force. A somewhat similar problem prcBcntcd itself in tlio difsigii of the 
labor force sample. For that survey, n sample of 08 priiuitry aims has 
been designated within which subsamiiliug <ipcralioim are caviicd on, 
and a fiill-timo supervisor with part-time ciiuineruloi-s is avuiluble in 
each of these areas. Eaclr primary area consists of a ciiunty, or, in soino 

* Tlilfl Imporbanfr pi-lnolplct Is tifion mtflundcrAlnod. Reo, for fiRTiiplo. tlm rnlllkd 
and VfllWnUon of finmplo for MArkot ttoAoarcIi/ Jourunl cf MarkHiug, JiviiuAr^' lUiO, by Ulq 
C oramllloo on MArkallnB nqaoaralt TgolinlQUCA. 
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instances where the sizes of the counties are not too largCj of two or 
three adjacent counties. The principles of sampling and the procedures 
followed in designing the labor force sample, described elsewhere/ are 
equally applicable to business sampling. 

An obvious question to be answered before the adoption of those 
sample areas for business sampling is: What reason ia there to presume 
that a sample of areas designated for such a population sample will 
pro VO to ho a satisfactory set of areas in which to take a retail trade 
sample, The answer is not too difficult. In the first place, the design of 
the population sample was an unbiased design, from whicli it follows 
that unbiased estimates of both population and business as well as of 
other characteristics can be obtained by a survey of these areas. The 
real question then is: Will this sample produce results having a suf¬ 
ficiently small sampling error? Since retail trade exists to serve the 
population, it is not surprising to find that it is distributed between 
counties much as the population is distributed and, therefore, that a 
sample designed to estimate the labor force characteristics will be com¬ 
paratively efficient also for estimating retail trade, if appropriate 
methods of estimation are used. It can be seen from the following table 
that the average sampling errors resulting from the use of a sample 
designed exactly as the labor force sample but used for retail trade will 
produce national estimates for many kinds of business with fairly high 
precision, 

NATIONAL ESTIMATES OP 11T3TAIL BALES POIl ALL RETAIL TRADE AND FOR 
A FEW KINDS OP BUBINEBB FROM TUB OB AREA LABOR FORCE SAMPLE* 



Saloa 

Known 

1030 

Consua 

EsLlmalo 

frojn 

BOmpIo 

Per cent 
dHTcronco 

Coefriciont of 
varinLlon of 
aniuplo 
oatimato In 
per cent 

Total—all typos 

42,011,7001 

42,170.007 

H-0.3 

1.4 

General Stores (with food) 

810,342 

701,006 

-2,4 

12.0 

General Mdfio. Group 

6,005,007 

6,078,047 

+0.2 

2.6 

Drugs 

1,602,602 

1,633,235 

-1.0 

2.0 

Apparel 

3.258,772 

3,1B7,103 

-2.2 

2.0 

Lumbcr-Jfardw'nro 

2,734,014 

2,603,700 

-0.3 

3.0 

FurniturD 

1,733,267 

1,067,040 

-4.3 

3.3 


+ CominiltilionH for tliiH Iftblo wero nindo for a Bpccinl survey which covored only Uicsc six kinds 
of buHlncflH, General Blores (wllh food) occur in llio rural areas, but Boldoin in larKcr cilicH, and coiisc- 
(luauLlyj for tho OB area saniplo tlio Hamrllnit error fur this epouial class Ib lari^o. 


< Morris It. llniiBon mid William N. Ilurwita, "A Now Sample of the Population," Durban of the 
Ceninit Sopternber, 10U. 
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This table gives an estimate of the sampling errors to ho expected in 
estimating total sales for a few kinds of buHiiiess from the 08 labor 
force sample areas—but on llio assumption of coinpletc coverage of 
stores within the designated areas. Thus, the table jH-ovidcs a guide 
to how representative these areas are of the entire nnlion \v'itb rc:a[)cct 
to retail trade. The per cent differeirce column sh(»\v.s the actual errors 
in estimating total sales from the sample counliofl, while the coefliciont 
of variation indicates the average error to bo expected over all iK^Hsible 
samples drawn by the method actually followed. 

Wo SCO that the labor force and general population sani])le may ho 
expected to produce retail trade eslimatca of reosoimlde reliability, but 
it should bo clear that at least some gains in precision, wlicliior small 
or large, could bo achieved if a sample of areas were utilized that wim 
designed explicitly for retail trade ratlior tlinn for some other problem. 
The question arises, then, why not design a new samirlcV Tlio answer 
to this question baa two aspects. Tlie first ia that, for the auine size 
sample, some gains undoubtedly could be achieved by a niorc special¬ 
ized design. Ncvertliclcss, \vc havo had considerable cixpericaeo iucli- 
onting that, on the average for the many difforent Btali.slica to be o.sli- 
mated, the gains which would result would not lie large, 'i'lie acooiid and 
principal point is that, with field facilities already nxisliog in tlicso 
counties, the cost of obtaining rclurnB is substantially less by utilizing 
the available counties than by drawing an indopcndcnt sample in other 
areas. Thoroforo, per dollar, the most reliable roHUlts are obtained in 
the way speeified. If more roliablo results are wanted, wo need merely 
to expand that sample. Such considerations led to tlie adoption of tlio 
68 arealabor force sample as tlio orcas in whicJi mailing and field opera¬ 
tions would bo carried on; this sample subsequently will be enlarged 
by expanding to additional arena. 

Principles involved in the delcrminalion of the tiu>nl)cr of primaty arens 
to be covered and Ihc me of sample in each, Tho proponed oxpnnnion to 
more areas suggests the need of some guide ns to bow many [iriinary 
sampling areas should lie listed in the sample and how large a samiile 
should be selected within each. Wo shall indicate some principIcH that 
serve as a guide in making this determination, but Bhall present, them 
in a very simplified probleni. In particular, wo shall consider only the 
problem of sampling from a ainglo stratum, and wo Khali nsKumo that 
the number of stores is tho same for all counties in Iho slraluin, Tlio 
prinoiples pointed up and conclusions arrived at for tliis simple situa¬ 
tion are equally applicable to tho moro complox problem willi whicli 
we are actually dealing. 
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Suppose that there are a total of M counties in n stratum, from which 
we take a sample of m at random; that there are a total of N stores in 
each county in the stratum, and that we subaample n from each se¬ 
lected county. Thus, we will have a sample of m counties from this 
stratum, and of n stores from each county, or a total sample of inn 
stores. If we compute the average sales per establishment for the stores 
in the sample the variance of this sample average will be: 

^ (M- l))?i t'"'" M~ iV - ll M{N - 1) W 


where is the variance of the average sales per establishment between 
counties in the stratum, and is the average within county variance. 


The term 




will, with very few exLeptions, be posi- 


tive in practical sampling problems. For a fixed total size of sample, 
that is, for fixed mn, the second term of the expression for the variance 
of the sample average will be unaffected by the way in which the sam¬ 
pling is divided between m and n. Therefore, for a sample of the total 
size of 7?m, the variance of the sample average will bo smallest when 
the maximum possible numbei' of counties is included in the sample 
and the sampling within counties is correspondingly reduced. Thus, 
if a sample of 500 stores is to bo taken, i.e., if wn = 600, the moat re¬ 
liable result will be achieved by taking only a einglc store from each 
of 500 sample countiea. It follows that if there are not enough counties 
in the stratum to accomplish this, then the oplimum sampling would 
call for including every county in the sample.® 

With this fact established, why then do we propose to take a rela¬ 
tively small number of counties into the sample with a considerable 
number of stores from each? The reason is that we are ti’ying to get 
the most reliable result possible per dollar spent, rather than per store 
included in the sample, and considerable economies can be effected by 
clustering the sample. 

To illustrate this, let us go one step farther and assume that the 
total cost, C, of taking a sample can be broken down as follows: 

0 cim + C2?nn. 


This amounts to saying that there ia an overhead of Ci dollars that 
is incurred for each county that is included in the sample, and that a 
cost of C 2 is incurred for each store covered within a sample county. 
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This, again, ia a much overaimpliflcti nsaiimplion, but iL will be useful 
in ehowing how the allocation of Bampliiig an bclwcen including morn 
counties and taking a larger sample williin fewer counties may be af¬ 
fected by cost considerations. 

Now, if wo find the size of sample to be taken in encJi comity that 
will produce the most reliable icsulfc.'i possible per dollar spent we get 



as the sample to take williin each county. Then hi, the muohor of 
counties to bo included, is tlio number that the budget uIIow.h or that 
is needed for the required accuracy. This theory provide a guide for 
determining how many counties to sampio and liow lurge a suiiqilo to 
include from each. As wc Icnni more nhout the co.sIh involved and the 
population wo are sampling and its distribution between ctuinlies, tliis 
theory will bo available to improve tlio saiii])le design. At llie oiit.sot, 
wc know enough based on rc.scnrch alrondy dtine and (‘xin'rlmu'C mul 
general knowledge of retail trade to delorminc llie. first upiirosinmtion 
that should be followed. That first approximation, in this ease, is to 
start out initially with the sample of G8 primary area.H used for the 
labor force sample, and to take a fairly largo subsample williiii each 
primary area, although it is to ho expected that the Haiiipio will he 
expanded to more areas subsequently. 

THR SAMPIiR FUOM TUB 8UDUNIVEHBE OK SMAM.KU HTtllllCB 

Wc have up to this point a sampio from only Die siiliuiiiverse of 
listed largo store.s. For stores not on the list, whicli iiichnle. llu; great 
bulk of establishments, wo propo.sc to cunfitic our siuiiiile to (he same 
piimaiy areas that arc being used for samiding (he listed medium-liu'ge 
stores. In addition to the advantages of minimizing cost of travel al¬ 
ready discussed, the use of these primary areas for the leiiminiiig stoic‘.s 
makes it feasible to develop and maintain an up to (lain .‘■am ph; uf liirllis 
and deaths of stores as they occur. 

Some of the primary areas include only a smidl number of store.s, 
and in these areas it is feasible to prepare locally a coiniilclo li.st of 
establishments in the area and to ho currently iiifornu'il on bii lli.s and 
deaths of establiahmonte as Lhoy occur. For most of (ho piiriinry areas, 
howover, the stores involved nro too numerous to nmlu* it fcMsible to 
list all stores locally and to follow nil births and deatliH uf cslabliHli- 
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mcDts within the areas na they occur, and for these areas a method of 
subaampling from the selected primary areas will be used involving a 
further application of an area sampling procedure. 

This area sampling procedure consists of designating small areas 
within the selected primary areas. The small areas will represent the 
stores not included on the large store list and the maintenance of up 
to date listings of stores in these areas will reflect the turnover in busi¬ 
ness establishments due to births and deaths, 

The problem in designating small areas to be sampled within the 
selected primary areas is to locate and utilize the best available infor¬ 
mation and facilities for defining efficient Bubsampling units, The types 
of sampling principles already described as well as additional ones will 
be utilized in arriving at an efficient subsampling design. 

For cities of 26,000 population or over the detailed Sanborn Insur¬ 
ance Maps referred to earlier provide an excellent mapping source that 
can be used in defining subsampling units. These maps are brought up 
to date at frequent intervals—about once a year, and show the loca¬ 
tions of most atores within blocks in all such cities. Using these maps, 
it is possible to approximate the number of stores in each block and 
draw a sample of blocks stratified by size. An alternative possibility 
which will be followed sometimes is to designate small areas which 
have, according to the map, one, two, three, or as many stores as we 
desire, to be used as subsampling units. Such areas can be designated 
for inclusion in the sample by giving each block a chance of coming 
into the sample which is proportionate to its size in terms of number of 
stores, and then each sample block so selected can bo segmented into 
areas of approximately equal numbers of stores, One of those areas is 
chosen at random from each sample block for inclusion in the sample.^ 

The methods used in sampling these small areas are such that any 
errors in the number of stores shown on the map will not bias the 
sample, although the poorer the counts made from the maps, the larger 
will be the sampling variance. Actually, the counts of stores from the 
maps have been found to be of such a quality that substantial reduc¬ 
tions in sampling error have been made possible through their use. 

In cities of 2,500 to 26,000 population, the Sanborn maps are not 
being utilized. The particular cities of this size to be included in the 
sample are obtained by a subsampling process witliin the selected 
counties and the 19d0 Census returns arc used in designating the ones 


» For tho theory Involved in BomplinR witli probublllLy proporLlonntc to nito, bcc, Morrla 11, 
Ilnriffon oriel Willleiiii N, IfureWts, *On tho Theory of SnmpJiriK from Frnito Populafiojis," AunutA cf 
Mathsinalicot SlatieticB, Doccmbori 1043, 
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to be included in the samplo. Each city lios a clmnco nf acloctinn pro- 
portionatc to the number of etorcH in tliiit city ticcordin^ In llio 10-10 
Census. In most of the counties, howcvcfr, tlioro arc only a few if any 
cities of this class, and all of llicin in the county mny l>o included in 
the sample. For the cities of tliis size that are in tlie .*<iunj)l(f a straight 
eample of city blocks is being drawn for cnumcrnlion ouU-ide of the 
downtown area of such city, niul a comphiU; listing of alore aildrcjwos 
will bo made for the downtown areas and a sulwainplo of htorcs or of 
small areas will bo designated for coverage based ou the information 
obtained in this listing. 

To obtain a sample of the cities under 2,500 p(*pulaUtm and of other 
rural areas, minor civil divisions arc used as .sampling iniils. For ihese, 
1940 Census information on llio number of stores in each area is not 
available, and rough estimates of number of bIoicb in enrii minor civil 
division arc computed. These eslimatea arc based on the 19-10 popula¬ 
tion of the arena and on the proportion of that popninlion living inside 
and outside of towns and villages. Tlicn Ihu actual areas to be included 
in tho samplo are selected with probability proportionate (o this inoas- 
uro of size, or arc stratified on tho basis of thi.s measure of sizo as wius 
indicated above for tho selection of blocks in (he larger cities, 

For tho cities of all sizes, once a set of sinnll arcus is (Irnw)i into tho 
eample all stores in those areas arc listed. Tho cnuincralor is given n 
map showing tho boundaries of the arcan and is iimlniclcd to canvass 
the areas and list every store Included therein, Tim ailvaiUngo (tf the 
aim approaches that it gives all stores not on the large, rtorc list a 
chance of being dravm into tho snmjilo, including both new (‘stabli-sh- 
ments and ones inndvortcntly omitted from tho large hlnre list. 

METHOD OF ESTIMATION FIIOM THE SAMPLE 

A fundamental part of a survey de.sign is the method of csliinalion 
from tho sample. Eqiiolly fundamental is tho method of evaluating 
the reliability of the estimates. Tho main aspects of the nielliod of 
estimation and for evaluating contriinitions to the wiinyiling cTror for 
earaples of tho typo here outlined Ls presented in another |taper that 
describes tho methods and principles of ostiinalion for llio labor furco 
eample,* The data from tho 1040 CeiiHiiH of lletail Trade will be cf- 
fectivoly utilized in preparing cstlmatr.s from the .«nm]>lc, ami will bo 
utilized in such a way os to increase substantially tlie n'liubllil.y of (ho 


• Boo roforcnco oUgi] In foolnolo 7; ftntl m nUo roferfirieo rllwl In foolnoU 0, 
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eamplo estimates through tho use of ratio or regression types of esti¬ 
mates. 

SUMMABY BEMABKB 

There will necessarily be variations introduced into the design as the 
plans are developed and put into operation, but the main principles 
followed will bo those described above. Once tho work in the field has 
progressed over a period of time further variations in tho design will 
be introduced. For example, procedures may be developed through ex¬ 
perience for handling an extensive list of largo stores expeditiously in 
which event the large .store list will bo extended considerably. Again, 
the number of primary areas covered may be extended to make possible 
regional or State estimates as well as more detailed and accurate na¬ 
tional estimates. At the same time, changes will bo introduced as called 
for through further study of the costs involved, the sources of contribu¬ 
tions to tho sampling error, and the problems arising in carrying out 
tho survey in the office and in the fi'cld. 



ACTUARIAL ANALYSIS OP THE OPERATING I,1FE 

OF B-29 AIRCRAFT ENGINES 

Obcati L. Altman and CiiAnirKH Cl» (jOou* 

Washinglon, D. C. 

Th‘m Blxidy lUo iicluiirltvl vaftnil to ilctor- 

mine tho prolmblo Hcrvicc lifo of llio U-33fi0 ciiginoH ufled in 
B-20 aircraft. Tho ubo of ncUiarial miitlioilH to tkUnninc tho 
cxpoctaLion of lifo of ciiginert uinlor ficiiml fHirraUng CDiuliLLoiiH 
Id clearly Kiiporior lo lliaL of iiHrng aVorngCH Imuoil on tlio Hying 
houifl attained solely by cngincH pyinovod for overlmol. Tliii^ 
Bupcrlority ifl grcntcHt when llio online distrilnition or 

operating condiLions are changing. 

Though thcBo mcLhoda and i»roccJorcd were u«cd in jilaiiiiing 
R-3350 engino requirements, production and nliipping flehed- 
ulcBj they arc generally applicable in determining llio niuiiber 
of roplacomonta ncceaflary to mainlcun a prcdeUiMiuncd Bebod- 
iilo of operation and can nlfio bo used in aotting rnlcfl of do- 
preaiatlon. 

This ailiclc presoiila the lunnlicr of liourH ll-33fjn engiriOH ran 
before removal for overhniilj inon>iiireB tho improveineiit in huC' 
ccBsivc jnodole of cngiiiCB, doUTmincH llm difTeronfe In life 
between new and ovorliniilod miginc% and sliowii the efTect of 
dilTcront operating uhcs upon engine life. 

I T WAS necesstiry, very early in Uin 11-29 aircraft program, to pNlinmto 
tlio expectaLiou of lifo of 11-3360 cngincH prior to removal for over¬ 
haul, and to develop sonsitivc mcasurca of uotiml operating life in order 
to adjust those eBtimatcd cxpcctatlonn of life (plnnninR raU^s) to QX[n)~ 
rienee, The expected number of operating or flying liourH prior to ov(^r- 
haul was a major element in determining tho number of re¬ 

quired each montli to support tho 11-20 training program in the United 
States and to make possible llio planned nnniber of eombal and ot)mr 
tactical missions against llio enemy. Tho life of tlieso engines was also 
a major element in determining tho number of flyable engine*^ that would 
be available month by month to support tlio B-29 program. ThuH^ do- 
cisiona with reapeefc to II-33S0 engino reejuiromontH nn<l avuiliihility 
vitally afTcctcd a whole Berios of mtor-dcpoiidont variubloH, irioliiding 
(1) the uliimato aizo and the rate of expansion of tho B-20 striking 
force, (2) the number and length of niismojiH of B-20 aii'('ruft, and (3) 
the required amount and rato of expaimion of 11-3H50 cugiru! prothujlioii 

♦ Tlio procod^ircfl und dnln doaedbed in Uiln nrllrlo dov<*lol^l by J.t, r^il. AIIimar and Mr. 
poor wlillQ Uioy woto nUnohod to iho Aniilyala nud Plniwi Urawli. A-i. Anuy Air I'orrra. 

llio autliora wlah lo Uinnk Llircfioihor moinbora of llio Iiraneli for tt>ftir e<)iitribuiloufl: Mi«. Nina \V\ 
I^vln j\nd Mlsa CatborinD Gordon for Uicb aanlalanco In tho and nnnb f«)fi of Uio original 

dalikj and Lb, Col. Ilnrold Lamborlon for tlm prcparailon of all oliarla irivolvofl In ftUidloa. 


100 



OPERATING LIFE OF B-20 ENGINES 


191 


and overhaul facilities. Accurate decisions with respect to the expansion 
of production and overhaul facilities were particularly important. On 
the one hand, the relatively long time required to obtain, fabricate and 
assemble the materials and components made engine production sched¬ 
ules relatively inflexible. On the other hand, expansion of facilities 
required large amounts of critical tools, materials and labor. For these 
reasons, the actual and planned operating life of 11-3350 engines under 
combat and training conditions was a particularly important deter¬ 
minant of the entire B-29 aircraft in’ogram and thcroforc of tho long- 
range air attack on Japan. 

Engines for B-29 aircraft were critically short in 1944 and tho first 
half of 1945, and the supply was extremely tight even at the end of 
the war with Japan. For many months air transportation was used to 
rusli R-3350 engines to combat units overseas and then back to the 
United States for overhaul. This was no small feat since the great bulk 
and weight of these engines made it impossible to carry more than two 
R-3360 engines in the largest Army Air Forces transport. 

All these factors created great pressure for accurate measurement of 
engine life in order to make possible the most effective supply and dis¬ 
tribution planning and control, and led to the establishment, for tho 
first time in the Army Air Forces, of tho record-keoping and field re¬ 
porting of the data required for the accurate determination of engine 
life by actuarial methods. 

The fundamental purpose of this actuarial analysis of R-3360 engine 
life was to measure the average length of life of these engines, as well 
as their average future lifetime (expectation of life) after any specified 
period of flying time. The basic data used were the ratios of the number 
of hours flown by each engine removed for overhaul, to the number of 
hours flown by all engines, including those not yot removed for over¬ 
haul. Until actuarial methods were adopted, engine life prior to over¬ 
haul was measured solely by tho average number of hours flown by 
engines removed for overhaul. 

The latter method of necessity incorrectly showed low average engine 
life for many months after the introduction of a new type of engine 
for two reasons: (1) When all engines have flown a relatively small num¬ 
ber of hours, the average number of hours flown by removed engines 
must also be relatively small. TJius, if no installed engine in a group of 
operating aircraft has accumulated more than one hundred hours of 
flying time, any engine removed for overhaul from this group would 
have a maximum of one hundred hours, and the average number of 
hours on all engines removed would be considerably less than one hun- 
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drecl hours. As the surviving engines of this group nccumulato more 
hours, both the maximum find tlio avorngo flying hours rm removed 
engines would increase. (2) The “ago” difitributioii of inslalled engines 
would bo affected by the introduction of large numbers of new aircraft 
into the group. These new aircraft wouhi have engines that Imve flown 
only a small luimbor of hours. While the Introduction of now aircraft 
would not affect tho rise of tha maximum number of hours at rornovnl 
of engines in this expanded group, it w’oultl retard tho iiioreaw in tlio 
average number of hours at removal, In short, tho inotlvod (ff measuring 
the number of lioura flown by englnoH prior to overlmul solely uii the 
basis of engines removed for overhaul always yields incoiTc^ct results 
under changing conditions of warfare bccauso tho nninbor and '^ago^^ 
distribution of installed engines is constantly changing, 'ilns nioihod 
can yield accurate results only after tho ^^ngo^^ distribution fff insLalled 
engines has been stabilized, and then only if operating conditions con¬ 
tinue unchanged. Until the distribution bccorricH stuiulardizcd, 

which may take a year or inoro under usual rntCH of htnkl-up of tho 
striking force to poak slrongtli, tho avorngo number of honm flown by 
removed engines prior to their removal w'ould riso month liy montli, 
In the meantime, use of llicso averages ns a planning rate for the future 
or aa a measuremont of pcrforinanco in tho post would bo Horiously in 
error and hopelessly inflate engine requiroincuta, 

Actuarial mothodfi make it possiblo, on the other hand, to calculate 
the expectation of life of ongitios, with substantial accuracy, )»olh wliilo 
the "age^ distribution is changing and after It has stabilized. 

TIABIC DATA 

Tho data wore collected in groator detail as tlio nctunvial nudhocl of 
analysis gradually gained more and more support. By tho spring of 
1946 the following data wero being collected by a training air fui’co in 
the United States each month: 

1. Number of inatallod engines; 

a. On hand, beginning of period 

b, Arrived during period 

c, Lost during period 

d. Departed during period 

0, On liand, ond of period 

2, |[Number of engines removed for ovorliaul: 

a. For accident, modification or other nrldtrury r(‘asiiu 

b. For “normaP^ ongino failure 

Each major using organization in tho United Slates and overseas 
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was required to report tliesc clolii in 20-liour flyinR time groups, with 
time measured as the number of houra flown since mamifuclurc or Inst 
overhaul. Tlio data w'ere reported Bej)aralely for nmv and overhauled 
engines and for each model of R-3350 engine. (Tiic vnriouR engiiio mod¬ 
els represented various stages in tho (lcveloi)incnt and iiiiprovcincnt 
of the engine, beginning witli the uninodificd 11-3360-23A rnrhurctor 
typo engine used in training and in early opcrnlionH from Intlla, fol¬ 
lowed by tho modified 11-3350-23A carburetor typo and then Inter by 
the R-33G0-67 fuel injection type,) 

Collection of tho data in Ibis clolail lias iiimlo it posslblo to coinparo 
tho relative performnoco of tho various engines inodolH, tho per¬ 
formance of tho same model in difTcront theatres of action and under 
different operating conditions, the rolalive performance of new versus 
overhauled engines and tlio chango in performance of any one model 
through lime. 


method op analysis 

From these data wore calculated, in lerius of 2()-hour flying lime 
groups, tlio number of engines cxjioscd to tho coiUingciiey of failure, tho 
crude and smoothed per cent removed for overhaul, the ])er cent of 
original engines surviving and the expectation of life, A sample calcu¬ 
lation is shown in Table 1. The general method of compulation may lio 
described oa follows with reforenees to tlio columns in Tohlo J, aJ^Huiuhig 
that frequency distributions by 20-hour dying time groups wore re¬ 
ported for each of tho following items: 

(1) Number of engines romoved for '* nonnnP engine fnituro (col. 8). 

(2) Number of engines removed for nccidpiit, comimt dainngo, modi¬ 
fication or other arbitrary reasons (col. 7), 

(3) Number of instolled engines on hand at tho lieginuing of the 
period (col. 2). 

(4) Number of installed cngluca on hand at tho cud of the period 
(col. 6). 

(6) Number of installed engines on aircraft that arrived within re¬ 
porting jurisdiotlon during iicriod (col. 3). 

(0) Number of installed engines on aircraft lost during period (col. 4). 

(7) Number of installed engines on aircraft that ilcjiartcd from re¬ 
porting Jurisdiction during period (col. fi). 

The exposure in miy hour group X, is os fclloivs! 

<0 

[col. fi'j. = 2} [ool. 8]^, + 2 (col 6 ” col. 2j„., H- i [col. G - col. 2], 
'-0 
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+ 23 [goI. 4 + col. 5 + col, 7 — col. 3]x+r 
/«! 

+ h[co\. 4 + col. 5 + col. 7 - col. 3]^ 

whore the column numbers refer to the items in Table 1, Col. 9 being 
the "Engines Exposed to Contingency of Failure. 

The crude removal rates wore then computed as a percentage by 
dividing the number of engines removed for normal engine failure in 
each hour group by the exposure in that group. 

Analysis of a large number of these crude engine removal rate curves 
indicated that they had similar trends. When these crude rates were 
plotted on semi-logarithmic paper, they approximated straight lines. 
As a simple and quick method of graduation was desired, tlio data were 
plotted on semi-logarithmic paper with hours on the arithmetic scale. 
A sti’aight line was then fitted by inspection. Chart 1 illustrates the 
results obtained by this procedure. 

The percentage of the original number of engines surviving to tho end 
of an hour group was computed by subtracting the per cent removed 
in that hour group from 100.0 per cent and by applying tho remainder 
divided by 100 to the percentage of engines that survived to the begin¬ 
ning of that hour group, 

The average length of life or the average future lifetime was then 
obtained by using the standard procedure for calculating the "complete 


1 Tills form'ulfx is an ndnpUllon of bho gonoral "oxpoecd lo risk” forinulno used in. Iho cnloidallon 
of morlniiiy tables for human lives, Tho following oro tho basic clcmonU In Lho construction of tho 
formuln; 

(1) Every on^ino that ronched an hour group ercnlor limn X during tho period of obscrvalid n 
must liavo passed through the hoiir group X during the period of obsorvAlion unices U began. Lho period 
or entered Lho oxporionco during tlm period, at an hour group grealor Ilian X. 

(2) Therefore, for miy hour group X, tha formula counta tho number of onRinca that, passed through 
llml hour group during tho period of observation os tho sum of (a) tho onginoa removed for '‘normal" 
engine failure at hours greater than X, during Lho period of observation; plus (b) tho engines dcduolod 
from lho cspcricnco becauao of "'other" ronsona for romovol, loss whilo Installed in aircraft or departing 
whilo insLailcd In aircraft, at hours greater than X, during Lho period of obacrvalion; plus (o) the OU'' 
glncs still insLalled at tlio end of tho period of observation with hours greater than X. 

(3) From tho total In (2), above, aro aublrnolcd the onginca that could not possibly liave passed 
through the hour group A" during tho period of obacrvalion because Clioy (n) started (ho period of ob- 
Bcrvntlon as liulallcd ongincs at hours grenter than A; and (b) arrived installed in nircrnfl during Lho 
period of obfiorvalion at hours greater limn X, 

(4) In hour group X, n corroetion of 4 in mndo for each ongino In Dial hour group, except engines 
removed for '"nurmal” oiigiuo fniluro, on tlia asoumpLion that llioy itro uniformly distributed tlirougli 
tUo hour group and nro Lhereforo exposed lo falluro for Only i Lho lime. 

(6) Each ongino removed for "iiormar ciiRinQ fnlluro in hour group X is counted ns onn hneauso 
theso removals during lho hour group aro conBidored as exposed to Llio end of liio hour group, 

For a moro cr>mnlQlo dUouRslon of lho goncral "ex|)Oscd Lo riak” forrnulnn, the render la referred lo 
If. B. Deers, "Notes on Exposure Formuluo," 7'r<inflocfion9 of fha Actonriof Socxtly of dTOcnen, Vol 
Xl-iV, Page 41, and following discussion, Mny 1€44, 
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expectation of life.” Specifically, this was accomplished for the end of 
any hour group X by (1) obtaining the sum of all survivorship per 
cent ages for all hour groups higher than X; (2) multiplying this sum by 
20 hours to convert from the hour groups to the number of hours; (3) 
dividing this by the survivorship percentage of group X; and (4) adding 
one-half the hour interval to the result. 

FINDINGS 

Improvement in expectation of life of new R-33B0 engines ,—Sufficiently 
reliable information was collected to measuro the effect of improve¬ 
ments made in successive models of the 11-3360 engine upon the num¬ 
ber of hours flo^YII prior to their removal for first overhaul. Early com¬ 
bat operations in India, during the summer and fall of 1944, were con¬ 
ducted with B-29 aircraft equipped with unmodified 11-3360-23A en¬ 
gines, which had an expectation of life of 163 hours prior to first over¬ 
haul In February 1946, when the B-29 aircraft were equipped with 
-23 A engines which had been modified and improved with more efficient 
cooling devices, the expectation of life of new engines rose to 280 hours, 
an increase of 117 hours per engine. The longtli of service was also in¬ 
creased substantially, as follows: 


TEIl CENT OF NEW Il-a350.23A (CARBUHETOR TYPE) ENGINES SURVIVING TO 
SELECTED FLYING HOURS IN OPERATIONS FIIOM INDIA 


Modol 

100 lloiira 

200 Hours 

a 00 Iloura 

400 Hours 

Uiimodlflcd 

60.0 

33.0 

0.2 

D 

Modined 

06.3 

61.6 

47,3 

B.7 


In February and March 1945, while the expectation of life prior to 
removal for first overhaul of the modified -23A engine was 280 hours in 
aircraft operating from India, it was 304 hours in aircraft operating 
from the Marianas, due largely to easier flying conditions in the islands. 
Later measurements indicated that the 304 hours would probably 
have been approximately 310 hours with more refined data. 

The next model engine put into use was the fuel injection-equipped 
11-3360-B7. Information is not available on the expectation of life of 
this engine prior to removal for the first overhaul in overseas operations. 
In the United States, however, the expectation of life of fuel injection 
engines was 329 hours compared with 310 hours for carburetor types 
engines. The increase in tho expectation of life of 19 hours scorns to in¬ 
dicate that tho expectation of life of new fuel injection engines is some- 
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■what bcttev than of mburetor engiiusH. Tho operiilinK Kurvival diatrilm- 
tion was also lengthened somo'vlinl, as follows: 


T>ER CENT OF NF,W 11-3350 CAIlBUnBTDlX A NO FOEl. INJIirTIOS" ENfilN-Bfi 
HORVIVINC TO flELKCTEl) IlflUIIH IN OFKUATIONK IN 
Till! ONITKn 81'AIKS 



IQQ llouril 

SOOHoum 1 

3(10 llouiH 



Cfvtburolot (-23A) 1 


fiK7 1 

A7,0 

24, n 1 

SI.4 

Fuel Injeolion (-fi7) 

OA.O 

64.a 

na.a 

ai.y 

4 .U 


It should bo noted, liowover, that the fuel iiiicethm (-DRiiioH are safer 
and easier to operate, and the changeover was priniiiriy jtlnniutd for 
these reasons, 

Erpcdalion of life of nm atul overhauled rneinrft. —Th« luiniber of 
hours flown by now engines prior to removal for first overhaul is sub- 
Btantially greater than limb flown by overlmulrtd ongiiu's prior to sc'cond 
or later overhaul, despito tUc fact that during ((verluuil engine's arc 
completely disassembled, all worn jrarta replaced and llu> nMisseinblcd 
engine thoroughly block-tested. Experioneo in the Marhums showed 
that the expcctalion of life was* 310 luniVH for new engines nml 27(1 hours 
for overhauled enginea. Experience iu traiaiug ojierathm.s iti (he United 
States showed that the expectation of life wms 310 hours for new, niu) 
249 boui'8 for overhauled engines. Thus the cxpeclalion of life of over¬ 
hauled enginea wna 15 por cent lower in condmt and 20 per eent lower 
in training than that of now ongiucs. 

The operating Jifo of new engines boforo ronox’al for overhaul was 
Bvibstantvally longor than that of ovorhaulwl crtghu'H, both in the 
United States and overseaa in the Marinnaa, a« nhi>wn iii llu* following 
table: 


PER CENT OF NEW AND OVF,IUrAUM:T) R-a350-2.1A KNOINKj< SI’RVIVIN'O 'r<J 
SELEGTED VUVINQ IIOUUB OVEUHEAH AND IN THK UNl ll.ll h i VI I S 


XocAdon nnd 

Ovcrhnul Slntus 

100 Iloure 

200 Ifourfl 

000 IToum 

4tX) lliuilfl 

/>0i| llourfl 

Oversell^—combnt 

Now 

00.B 

87.8 

02.7 


0 

Ovcrhftulcd 

D2.6 

7B.8 

43-4 

HM 

(1 

Untied Staica—ItalnuiR 
Now 

04,1 

fll.7 

67.0 

24,0 

2.4 

Overli Ruled 

87.0 


afl-4 

to.4 

0,6 


It will bo noticed that both new and ovorlinuled nimlified eni liurolor 
engines in combat in the Marianas Ivad greater ex]ictlivlionH of life 
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than the respective groups in training in the United States. Ordinarily 
it would be expected that engines used in combat would not last as long 
as those in training. In this case, however, the situation was reversed, 
The very long range B-29'3 could climb very gradually after the take¬ 
off from the Marianas, thus saving the gasoline and avoiding tlie engine 
strain required to gain altitude quickly. In the United States, the air¬ 
planes were flown to high altitudes more quickly and, in addition, were 
probably put through extensive flying maneuvers as part of training 
operations, rurfchcrmore, because of the extremely long distances to 
the target, the planes in the overseas group were flown combat^^ 
only a very small proportion of the total fliglit time to and from the 
target. 

On the other hand, both the unmodified and the modified carburetor 
engines showed a much lower expectation of life in India than in the 
United States. The differences for new engines of both types ai e shown 
in the following table: 

Unmodified ^fedified 

IndIn 103 hours 280 hours 

United SlntcB 221 hours 310 hours 

This was undoubtedly caused by the rugged flying conditions from In¬ 
dia to enemy targets, which included rapid climb to get over the 
and landing for refueling in China, followed by another take¬ 
off and anotlicr rapid climb to roach high altitudes over enemy held 
territory, 

Use of expectation of life and survivorship percentages .—Requirements 
for spare engines to replace thoso removed for overhaul wore deter¬ 
mined by applying the estimated expectation of engine life to the 
planned schedule of hours to bo flown. The planning factor for the 
unmodified R-3360-23A, adopted long before any B“29*s wore put in 
quantity operation, was 200 hours. Actual operations proved that this 
global planning rate was somewhat high, This rate resulted in an under¬ 
statement of requirements in India, where the actual expectation of 
life wag 163 hours. This understatement was compensated in part by 
an overstatement of requirements in the United States, whore the ac¬ 
tual proved to be 221 hours. 

The global planning factor for the modified R-3350-23A, adopted 
long before these engines were put in quantity operation, was 300 hours. 
This rate proved to be remarkably accurate, and had the virtuo of 
slightly overstating requirements for the Marianas and slightly under¬ 
stating those in the United States. 

By the summer of 1946 it was clear that the planning rate of 300 
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hours would have to bo Te\isod downward for Ifi lC aiJw.p, the increasing 
pioporlion of overhauled to new engines would result in n lower ospec- 
tation of life for oH carburetor t.vpo engines, wlnrli would not ho oflsot 
by the somewhat better performance of the fuel injeoUon ungiJJCH wliidi 
were scheduled Eradually to rcplnco llio carburetor engine, 

For short-run supply planning and distrilnition for iiidivirliml groups 
or areas, tlie distribution of survivorsliip i>crcenlftges liy 2(1 hour flying 
time groups (as shown in Table 2 and muniuarized In C.'lmrt 2), should 
be used instead of an expectation of life. The BurvivorHliij) jwreentagea 


ranM-; 2 

PER CENT OF OmOINAI- ENGIN1« SUUVIVINO AT KAOU 30 IKUUtfl 
BTUIjV as op 91 JUl.V IWB 



Fuel Injccifon 


CArliur«for 

„ - svi 

Number 
ol ^loure 

Training, V« 8, 

Trfllnlnfft U. 8. 

MniinrtM 


No>v 

Now 

OvnrlmutfKl 

N>vp 

(Weihftulctl 

0 

ioo.o 

100.0 

10(1,0 

nm.o 


20 


20.2 

08.0 

00,0 

00.0 

4D 

DS.5 

D8.2 

05.7 

UD.l 


00 

07.5 

07.0 

08.1 

0«.5 

0D.il 

80 


05.0 

00,2 

07.7 

04.0 

100 

05,0 

04.1 

67.0 

M.D 

lf2.6 

120 

08,6 


— 

06.4 

00.1 

uo 

01,7 



04,2 

67.2 

xoo 


87.8 


1^.4 

B.1.0 

IBO 

87,3 

85.0 


00.2 

80.0 

200 

B4,a 

81.7 

mam 

87.5 

76.5 

220 

81.1 

77,0 

OO.Q 

HI.2 

70.4 



7a,r 

M.4 

(UI.2 

01.5 

200 



48.6 

75,8 

6H.a 

280 

HIH 

58.7 

42.4 

on.4 

M.D 

800 

03.8 

57,0 

30.4 


48.4 

820 

B7.C 

51.6 

30.5 

M.O 

85.0 


fll.4 

44.0 

24,7 

40.5 

27.8 


44.8 


lo.a 


20.0 

aeo 

38.1 


14.6 


14.0 

400 

31,2 

24.0 

10.4 


B.a 

4220 

24.0 

IBA 

7,0 

n.i 

4.8 


18,4 


4.3 

6.7 

2.1 

400 

12,0 

8.3 

2,4 

2.1 

.7 

460 

8.4 

4.8 

1.2 

.4 

.1 

m 

4,0 

2.4 

.5 



520 

2,4 

1,0 

,2 


-.TK x-i .IS. 

MO 

1*0 

.3 

,1 




.8 

.1 




560 

.1 



- 
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PER CENT OP ORIGINAL ENGINES SURVIVING TO EACH 100 HOUIIS 
BY STATUS AND ACTIVITY 



R-3350-23A OVERHAULED ENGINES 


[■Til 
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ahoulcl be converted into a table of i)robal)iliti<‘R of removal within the 
number of flying lioura asfligncd for the iHfriod; and tliew* r>i'')l)nhiliLio 3 
should be applied to tlio flying time “nge" diHlribulion of tlie. engines 
installed in aircraft at the begimiiug of Ibo period to determine! “nor¬ 
mal” engine reciuircnicnta. 


taiu.k 3 

AVEIVAGB. noons ON IlKMOVAia C'OMt’AlO-l) WITH Kxrrot Aiin.N- OK I,rni 
OF n-33IH)-23A ENHIINM IN' COMllAT IN TIIK MAIIIANAH 


DaIq 

1 Kxp«clMion iif Irlfti 

AvrriaBB lU^ura 
urt lUmtivali 

Atl engin'd 



30 Not'. 1014 

— 

n 

lOii 

— 


31 Jnn. 1045 

— 

m 

20 Feb. 1045 

271' 

m 

2a Fell. 1046 


m 

31 Mnr. 1045 

501 


30 Apr. 1045* 

310 

m 

31 May 1045 

014 


30 Juno 1045 

30H 

2M 

aiJuly 1046 

003 

m 

New Enstnet 



31 Mnr. 1046 

3(M 


30 Apr. 104 6» 

310 


31 May 1046 

310 

•M 

30Juna 1046 

310 

2?5 

31 July 1045 

310 

270 




31 Mnr. 1046 

2fi0 

130 

30 Apt. 1046« 

m 

m 

aiMny 1045 

204 1 

215 

30 JUTU) 1045 

m 

212 

81 July 1045 

270 



I Lgsaoa ol inaUUed onslneA woro orallletl ftlncft <lRtu wcfft twit ttir lUU ^AtrulaU 1 snl 

* UoKlnniriK 30 April I0^5j roraovjkl ralw were on normal rernovftl^ nnly- lUrJi*>vnln directly 
QllrLLuUblo lo rvcoideni or oombAl tlAmBfio nnd oitfdnen rcinovc«] for rmrt>o^ii of iiiikIi ficAUtMi nr model 
obango -weie not ^aod db romoYBlB. 


Contpamon of engine planntnp rn/cs baml on aclunritil uludioe of nil 
engines and studies of only removed engines. —Acliinl exj)i!riein'i; in llio 
measurement and planning of 11-3360 engine life prior to lemoval for 
overhaul demonstrated beyond doubt Iho Kiiperiority of the uw! of ac¬ 
tuarial methods applied to the ]]orr()rininioc of bolli leinoA'cd and in- 
Btallcd engines over tho use of avorngon baKcd solely ciu iho flying tiiuo 
of removed engines. 

As was expcctedt the average number of hours flown by engines rc- 
movedfcT overhaul inorcosed steadily month after month, Tim upward 
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trend did not represent an increase in performance, however, but rather 
a change in the “age” distribution of installed engines. The average 
number of hours on engines removed from aircraft operating from the 
Marianas was 91 in November 1944,161 in rebruary 1945, and 272 in 
July 1945. (See Table 3.) Thus, even after nine months of operations, 
the average number of hours on removed engines had not yet attained 
the expectation of life of 310 hours to which it is asymptotic because 
the continuous and rapid increase of aircraft diluted the engine “age” 
distribution with new engines. Similar results were observed with ro- 
spect to engines operating in the United States. 

CONCLUSION 

The use of actuarial methods to determine the expectation of life of 
engines under actual operating conditions is clearly superior to that of 
using averages based on the flying hours attained solely by engines re¬ 
moved for overhaul. Tliis superiority is greatest when the engine “ago” 
distribution or operating conditions are changing. The need for ac¬ 
tuarial methods is most pressing when (1) costs are high and produc¬ 
tion, transportation or dollar resources are limited; (2) expectation of 
life of the engine is high, since it will then take many months, even un¬ 
der stable operating conditions, for the installed engine “age” distribu¬ 
tion to become stabilized; and (3) the build-up of the total number of 
installed engines to its peak takes many months. 



SYSTEMATIC SAMPLINCl AND ITS IlKLAl'ION 
TO OTHER SAMPLINO DESIGNS* 

LiIiLIAK II, Mauow 

Thia paper prcacnlfl A aimple inlrfuliirfutn In llio Uicory oI 
syalomnlic anmittiiiK- relalutn Ui rhixliiin aninpling, niralU 
Tied rnnduni cnmpHng ttiul rluBler paiiiplitig tii ehnwii )iy mcani 
of a iHiincricid example. Kihiic ndvire is given nii Uie rlrcuia- 
BtnneDB under which ayalcmalic eninjOiiig nitty Im! ndvaiila. 
gcoiialy lined. 

I N DEVEhoriNQ pny given Bainple Kurvpy, mmiy tlesimm enii yield euf- 
ficicntly accuiato c8timntc.H, il Ruflidenlly large exiK'iuHturoB are 
maclo. The problem then in to select from auiiing the vnrionH posaiblo 
designs the most efficient one, i.c., the one limt oblniiiR the most in¬ 
formation for a given cxpciidiUirc of rc.s(JurecH. Tlio earliest sUvtlslicnl 
theory of sampling dcBigus gave resullH for tlici uiircstrirted random 
design whereby any desired degree of accuracy cciuhl 1 m obtained by 
altering tlvc size of sample. In actually collecting data, however, the 
unrestricted random design rvas in general iiapractienl ndniinistralivcly, 
and thorefoi'o mi'cly used. Alternative designs were usmhI, hoiiu* for which 
theory was availablo and aoino for which Ibe ohtiiiiaU'S of error could 
only bo guessed. 

One basic sampling teebniquo wliicb 1m« liecn in use for many years 
but for which until recently no supporting theory e.’tiHU'd is the system¬ 
atic sampling design, which, roughly speaking, eoimiKls in Kotccling 
every fctli element of the population, the first elemvnt living wdected at 
random. The systematic samplo was often used in preferenen to other 
designs for which theory was available, bccuuMS it was udiiiiiiiHlrnlively 
simplo and it was supposed that the rcsultH woukl be iKdler than or at 
least close to thoso that Avould liavc been obtained by unroHlricied 
random selection. It wos also tbougiit that llic «y«teinalie design might 
take advantage of posaiblo hidden atrnliricalion in the olcinijiils of the 
population. More refined considerations of the merits of tin; Hyslomnlic 
design over the unrestricted random or other designs wivs hardly pos¬ 
sible, since the theory of the systematic design wan nut known. 

The beginnings of a theory of the sysleinaliu tsampling ilfsign have 
already been given.^ The rcfiulls of that paper ur« here presonted in 
less technical form and with nuinorical culculaliuiiB ciirrii'd out on il- 

♦ Ducil on n ihoiLs iiibmUlotl lo llio arndunlo Vnoutcy of ilio Aniokan Ui,l»fi«liy In imillpil 
lulftllmoat of Iho reaulramonlo fot llio (toiiiroo of AtMlor of AiO, Juno WH, 

1 ‘On the Theory of ByaUnmilo Sninpllni, P by Willlom 0. MkIow onil Ijlllon 11. Mmtow, In 
Ihe ilTina^ 0 / Mothemaiieai Match tOi4. 
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lustrative examples. It is to be lioped that, with the theory of system¬ 
atic sampling available to give the error of estimate of this design and 
to make effective comparisons with alternative designs, more confidence 
will be placed in a decision to use or not to use the systematic design 
in any given survey, 

lllmtrative example. In sampling a human poi:)idaiion for a given 
characteristic, say to estimate the number of owner-occupied dwelling 
units in a given area, the procedure usually resolves itself into first 
dividing the area into strata by a geographic or rational grouping, and 
then estimating the characteristic within the strata by taking either an 
unrestricted random or a systematic sample. To compare these two 
designs in this situation, we shall assume that one of our strata consists 
of the 20 blocks of census tract S-6, Boston, Massachusetts, as enu¬ 
merated in the 1940 housing census. This tract was selected only for its 
convenience in size. The data are presented in Table 1, 

TABLE 1 


CENSUS TRACT S-fi, BOSTON, MASaACIIUsETTS. APUIL 1 , 1040 


Block nuwi6£!r 

Number o/ owner-occupied 
dwellino 

If 

Xii 

1 

0 

ao 

2 

7 

40 

a 

1 

1 

4 

11 

121 

fi 

23 . 

52D 

0 

14 

100 

7 

7 

40 

6 

8 

04 

0 

£ 

25 

10 

3 

0 

11 

0 * 

30 

12 

21 

441 

13 

B 

04 

14 

8 

04 

15 

e 

30 

10 

4 

10 

17 

3 

D 

la 

a 

04 

ID 

4 

10 

20 

7 

40 

S 

IflO 

1874 


iSince the vai’ianco of the estimate of the mean of a sample drawn 
from a stratified population depends only on the within-strata variance 
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and not on the between-sttat* varinnce, any reiliirlioti in Uilnl variance 
must come from n reduction of the williiii-alralA Yrtriancr'. For the data 
in Table 1, we ehall invcHtigftle whether the uiircfiltieled random or the 
systematic design givoa the smallest williiri'Hlraln variance. For this 
purpose, we can consider the Boslmi census tract a ptijmlulion P con¬ 
sisting of H elements, ii, ij, ’ ’ • *.v, Af ^20. 'I’hc mvaii viihm is Riven by 


and the variance ia 


- ^ f r 

-r = -rr 2^ 
jV <..,1 


i 2 (« - i)>, 

N i«ii 


where by a’, the variance of the alralum which we are cunHtdermg a 
eubpopulatlon, is meant the variance of a ninrlrtin aainple of one ele¬ 
ment from the population of "N elcincnls. 

Substituting from Table I in the formula for i und a’, we rcp. Umt 

100 187-t 

is — = 8,0 and «r» « -.- lil.O 20.7. 

20 20 


The problem now is to lake for each iiropo-Hcd flc.'-igii a wiiiiplf! of a 
elements of tlie possible A'', where 20, to Minkc an fstinmlc, f, of the 
population mean, i, where S*=3.0, nnd to fniil the varimicc of llie rsli- 
mate about the mean. 

The-unreslrictcd random samjdinff dr/tign. In this design, the iirncedurc 
3 b to select at random n ciemonls from the A? possible ones, williont re¬ 
placement. The exact procecluro may be soniclhiiig likr the following. 
First, the elements of the poimlation, if not already in sonic order, 
should be numbered from 1 to N, Tlion, if N m, say, 211, and it i.n dosirod 
to take a sample of 4. elements, a Htnrling point in a 2-(ligit cohinm of 
a table of random nurnbem is selected at random. If (he raiiiloin nunv 
ber is, say 16, then the clement in the popiihilion numlK'rcd 1(1 is sc- 
lected for the sample. If a number in the bddo in grculcr than 20, it may 
be skipped. This procedure is continued until *1 i>leincnl,s linvc been 
selected. If a second number 10 oecum in Ihc luble of raiidoin nnmhcm, 
then it must be skipped, if the sampling design Is to ho without replace¬ 
ment. Other random procedures could also he ilefiiu'd. 

For the design consisting of random Hiuniiling without roplncmneiit, 
the estimate of the population mean in given hy 

1 " 

» “ ~ L *0 

n (-1 
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where x is the arithmetic mean of the results of the n drawings, and is 
the result of the ith drawing, This is an unbiased estimate ofand the 
variance of the estimate ia given by 

N - n (T^ 


where iV, n, and have already been defined. 

For the example given in Tabic 1, suppose wo consider the sampling 
procedure that consists of selecting 4 blocks at random from the set of 
20 blocks. Then, in practice, we calculate x for the sample in order to 
estimate x. Substituting in the above formula for we then have 




20- 4 29.7 
20 - 1 ’ 4 


6.2526. 


It is readily seen from the general formula, that the variance of this 
design depends only on the population variance, the size of n, and the 
relative sizes of n and N. To use the unrestricted random design effec¬ 
tively, then, it is necessary to have some rough idea of the variability 
of the elements in the population in order to estimate and it is neces¬ 
sary to have a prelisting of the population so that a random design can 
be associated with the elements in the population. It is not necessary, 
however, to have any further knowledge about the characteristic of the 
population to be measured. It ia not necessary to know whether the 
characteristic to be measured tends to cluster in groups or whether it is 
widely scattered throughout the population, or whether there is a serial 
trend in the characteristic. In collecting social or economic data, it 
would be unnecessary to know anything about the areal, color, or in¬ 
come level distribution of a population, if the design to be used ia the 
unrestricted random one. The requirement of having a prelisting of the 
population that is up-to-date is one that is very often difficult to meet. 
If the prelisting is out of date, a random sample based on that prelisting 
will be biased. 

The sysiemaiic sampling design, The theory of the systematic sam¬ 
pling design was developed directly in Reference 2, but it can also be 
derived in a simple manner from the theory of the cluster sampling 
design, since the systematic sampling design is cluster sampling in 
which the elements within clusters are arranged Bomowhat differently 
than usual, 

In the usual type of cluster sampling, the procGdurc is to divide the 
population into classes or clusters, taking the elements of the popula- 
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tion in tlieir natural order, i.c., Uio clomenlfl of enrli poKi-iljIc cluster ate 
contiguous elements of the populnliriii. Tlie witiifilt* |lu-n consistH of 
several of the possible clusters, and IIhto nmy ]h* subwiiujdinif ^vitlii 
clusters. ^ 

The theory of the systcinnlic sninpliiig de.Mgn follows fnuu the aim 
pleat case of cluster bampliiig, i.p., llio i!u«< in whir li o,i1y o,u' cluster i* 
sampled and there, is no snlminpniig williin the cluster.® 'Tlu> big dif 
ference is that in the syshunnlic drsiyii, if there on? A' pitscibic rhisU'rs' 
the Clements within any oin; of the clu.stcrs niv k ciciucid.s apnrt in the 
population, and no two clcrnci»l.s w ilhiii any of llic possible cluHlcrs am 
contiguous elements of the iiopuhilhtn. 

For the simplest cluster sampling design, the prr»ccthirc is to dlvitlo 
the population of elements into k cliwlerK of n ,-|cni. |i|„s (.,u‘h. Only 
one cluster is taken in the snm|>lc and tlicrc is no subMuniiling witliin 
the cluster. In this case, each of the po.s.sihle k eluslcru )iu« tlic prohnbil. 
ity l/k of being the one that is selected, 4 V»=Av(. 


£ rn 

For tills design, wo dcfuio is thc/th element 

of the tth cluster, and £, U the mean of the till clu.sler, i 1, . . . k The 
estimate of the popnlalion mean is given by 2. where 5 if Vi,; 

possible sample is the one that is scleclecl. This eslinmlc i;u..bils 
and tho vananco \s given by w ci, 


n 


(I + (n ~ 


con-elation coomcient nnd is given by the 


pa^ nt 


2 ^ 


71 - 1 




K 

T, (*f - 2)> 




f-1 




M 


and cTi,* E«i n—.u „v.^ ^ 


rinlloXuh«!inj‘S '*? 'f'" *^0 ‘‘■'•"‘O' of s»r.„.ll„g f„ 

vol. X4, No. 4 (1043), pp. 333-802, “ ” Annu/§ n/ .Sfufol,’ 
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respectively. From the formula for crj^, it is row possible to see how 
much the variance depends on p, the intraclass correlation coefficient. 
It is easily shown that when —1/W—then the variance of the 
cluster sampling design ia the same as that of the unrestricted random 
sampling design, Making this substitution for p, we have 



- n] 

TTU - U' 


the well-known expression for the variance of a random sample of n 
observations from N when the sampling is without replacement. 

Moreover; it is readily observed that if p is less than — l/iV —1; the 
variance of the cluster sampling design is less than that of the random 
sampling design, and if p is greater than — 1/iV — 1, then tlie variance of 
the cluster sampling design is greater. Or, roughly speaking, if p is 
negative, cluster sampling yields a smaller variance than does unre¬ 
stricted random sampling; if p is positive, the random sampling vari¬ 
ance is less; and if p is approximately equal to 0, then the two designs 
yield approximately the same variance, although tlie variance of the 
cluster sampling design will be the greater one, 

It is now possible to apply this formula to the Boston census tract 
we are using for illustration. Since we want n=4; the design will be to 
divide the population of 20 elements into 5 clusters of 4 elements each 
and to sample one of the clusters at random. 


TABLE 2* 



Cl 


Cl 

Ci 

Ct 



0 

2a 

6 

B 

3 



7 

14 

3 

B 

8 



1 

7 

0 

0 

4 

1 


11 

S 

21 

4 

7 

1 

1 

1 

26 

62 

35 

20 

22 

100 









Q.25 

13.0 

8.76 

0.5 

6.6 



1.76 

6.0 

.76 

1.6 

2.6 



a. 0026 

20.0 

.6026 

2,26 

0,26 

37,120 


* Tho Biimo ab In l(vbld 1, bui nrrnilHcd in. 5 efufitora of 4 eioraonia cneb. 
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(Xi - i)* 
i-l 


37.125 


7..12r). 


To calculate p, wc let 

7.'126 


20,7 


[l 4 - (,i ™ J)pj, 


and wo find that p = 0. 

If wc rearrange the data of the HonIoh irael llmi (he pU 

ments witlim the possible cluslcra are 5 elr-monla npnrl in the iKiinik, 
tion, we hayo a systematic arraiiRemenl of the data. Tin- bn,«i(; calculn' 
tions for this deaign arc given in Table 3. 
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doua gain in efficiency as a result of the systematic design, in this par¬ 
ticular example. 

In general, in the systematic design for selecting a sample of n ele¬ 
ments from a population oiN—kn elements, the procedure for selecting 
the sample involves the following steps- 

1. One of the numbers from 1 to fc is selected at random. 

2. If the number selected in Step 1 is i, then the zth element is se¬ 
lected for the sample* 

3. Every fcth element following the ith element is selected for the 
sample. 

Let X now be the average of the n elements selected according to the 
above procedure. Then, x is unbiased, and has the variance 

= — [1 H- (n - l)p], 
n 

where p, the intraclass correlation coefficient has the same definition as 
before in cluster sampling. In this case, however, the clusters instead of 
having been, shall we say, given by nature, have been formed by the 
sampling procedure given above. There are h clusters, the zth cluster 
corresponding to the selection of the number i in Step 1 above, 

To understand the character of the systematic design, i.e., to deter¬ 
mine for which populations the systematic design is advantageous, it is 
desirable to substitute for the intraclass correlation coefficient a sum of 
serial correlation coefficients, In the cluster sampling design it is fre- 
cjiiently too lengthy a job to calculate the intraclass correlation coef¬ 
ficient which is 00 important in estimating the necessary sample size. 
In many cases, however, it is possible from the nature of the character¬ 
istic of the population to be estimated to guess at a rcagonably good 
figure for this intraclass correlation coefficient. At least, it is possible to 
determine whether it is expected to be positive, negative, or zero, just 
from the rational considerations of the problem, and an understanding 
of what p measures. Similarly, for the systematic design, it is useful to 
think in terms of the serial correlation coefficients, even though in a 
particular problem it may be too lengthy a job actually to perform the 
calculations, In the sy.stematic sampling design, a good estimate of the 
variance depends on a good estimate of the serial correlation coef¬ 
ficients. Those coefficients measure the degree of dependence of succes¬ 
sive elements in the population. 

The serial correlation coefficient, using the circular definition, is de¬ 
fined to be 
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QncQ of tho systematic design, wc obtain * 
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where 1, .. ., n/2, wJien n in even, nntl i t=» i 
n is odd. 

Comparisons between the cfncioiiey of the pyMl^'infKtc nnd random 
tliejstematm demgn mcqual to timtof the unn-alricte.l rnndorn design. 
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of the systematic sampling design is less than that of the random sam¬ 
pling design, and if the sum of the serial correlation coeffleients is 
n—1 

greater than-; then the variance of the systematic sampling 

2(Ar — 1) 

design is greater. 

It ia not possible to give simple directions for the conditions under 
which the systematic design is moat appropriate. Some statements 
may, however, be helpful. Administratively, the systematic design ia 
simple. Clearly, it ia simpler to select every 7cth element from a card 
file, a map, or a prclisting, than to check with a table of random num¬ 
bers before selecting each element to be included in the sample. The 
chief danger in applying the systematic design occurs when the data 
have a periodic formation, and the sampling interval chosen ia equal 
to the period of the data. Past experience will provide useful informa¬ 
tion in the prediction of the relative efficiencies of different designs. 
When evidence is obtained that the systematic design is effective for 
one size of sample, care must be taken not to assume that it ia effec¬ 
tive for even a relatively close size of sample. As an illustration of the 
dangers of the uncritical use of the systematic design, an analysis of 
some data on seedlings is presented. In addition to testing the use of 
the systematic design, comparisons for aeveral sample sizes are also 
made with the unrestricted random and the stratified random sampling 
designs. 

Before giving the calculations for the seedling data, it might be well 
to use the Boston census tract data again to indicate the calciilationa 
that are made in connection with studying the applicability of the sys¬ 
tematic design to a set of data. The calculations are too voluminous to 
reproduce for the seedling data, and therefore only the results will be 
given for them. For the Boston census tract, however, it is possible to 
give all the calculations. 

The basic data and calculations are given in Table 4. 

We have already calculated for these data that a; = 8,0 and o-^ = 29.7. 
From Table 6 we can now calculate 
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20 


jD6ii - — .30136, and 
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— Pt.i = - .06902 
29.7 


Hit 


X) pti ““ ..i/fw? 


Th«rctor«,(I+JC- .,17ro7))»1.1123. Tl,i„ i, „„„ 

timfc was obtained for the duster drsiRii ealriilnM-rl im the bjujiH of •pnVi 
4 when the elomenU were arrnnged in nysiemuiir. onier nnd only one 


TAur.K r 


niock 

/fumhrr f\/ 

■ 

] 




j 


nvmhr 

c/iprl/inji M PI til 

'1* 




i 


1 

2 

a 

4 

fi 

— 




0 

7 

1 

a 

23 

6- Hw M 

7- 7 ^ 4« 

IB » H 

11 • A M AJk 

23.3 « oy 

0-fl 

7 OI-H7 

I H p- H 

II >. %H 

3A 

49 

1 

191 

m 

m 

49 

04 

2,1 

g 

0 

7 

a 

0 

10 

14 

7 

a 

s 

3 

14 ' 0 *< K1 

7-ai -iM7 

H‘H ^ fH 
ft-H - 40 
a -fl mi JH 

M'4 - m 

7'3 21 

W « ^ Oi 

A 1 7- 2,| 

nr - 21 

11 

12 

la 

14 

6 

21 

a 

g 

0-4 ..V 24 

21 . a Osi 

«-fl - 01 

8‘ft ^ ao 

' 21-7 ^tH7 

B 1 ^ H 

rjfl 

441 

04 

lA 

A 

a. 4 M X2 

N il p- M 

A4 


V 

3*7 M 42 

0.»3-l!|P| 

30 

la 

17 

4 

2 

4-0 M 2i 

4.14«. TA 

10 

IB 

g 

3-7 « 21 

n.7 ^ 21 

0 

10 


8-1 « 3 

H-N •* 01 

04 

10 

49 

Ih74 

20 

7 

4*11^ 44 

7.23 = 101 

4 - A ^ 2<» 

7-3 « 21 

}<l 

E 

f-1 

lOO 

1101 

MOB 1 


* Th, ...no da,, a. dven Tab,. 1, .j.oional 

Mm»!eGdline<l2'oSloS'l>7B”Vd'\"7'r l" "' 

The dfttaconBiat of 42n .1 •lol'i'Huu. lown .Slnte (;oI1,.k< 

nu™.y, Th« bed had 4 ™w.C|'"","'|2“i'ST "l"'‘ 

reproaenta ono foot of becI-widMi . n i ^ ‘ 

particular foot of bed Somonf il/ **' 

Dca. aomo of tl,c rosulUs mo given In Table .-5. 





SYSTEMATIC SAMPLING AND OTHEH DESIGNS 


215 


TABLE 6 


n 

k 

5 


10 

42 

-.3097 

4.213 

21 

20 

-. 104 fl 

3 ,001 

26 

16 

-.1781 

2.148 

ao 

14 

-,4012 

,093 

42 

10 

-.1621 

1.742 

00 

7 

-.4260 

.203 

64 

6 

-.0120 

1.220 


* Pli U summccl from i = 1 to IS = ii/2 if »la cvon arton-'l/2lfnia odd. 


For the same values of n as given in Table 5, calculations were made 
for the variance of the unrestricted random and the stratified random 
designs. The stratified random design was simple proportionate sam¬ 
pling within strata. The strata were of equal size and one element was 
selected from each stratum. The results arc given in Table 6 together 
with a comparison of the relative efficiencies of the systematio and 
stratified random designs with respect to the unrestricted random de¬ 
sign. 

TABLE 0 


n 




ElTsk 


1 

2 

3 

4 

6 

0 

10 

10.203 

7.212 

4.213 

42.7 

144.3 

21 

4.770 

2.000 

3.001 

60.1 

66.8 

38 

a.016 

2.002 

2.418 

08.0 

45.4 

ao 

a .204 

1.002 

.003 

71.0 

371.0 

42 

2,260 

1.202 

1.742 

74.8 

20.7 

00 

1.600 

.8183 

-2031 

84.0 

472.4 

64 

1,004 

.6062 

1.220 

03.7 

- 17.7 


In Table 6^ the first column represents the sample size, and columns 
2, 3, and 4 represent the variances of the unrestricted random, the 
stratified random, and the systematic sampling designs, respectively. 
Columns 5 and 6 represent the relative gain in efficiency of the strati¬ 
fied random and systematic designs, respectively, over the unrestricted 
random design. The efficiency of the alternative designs was measured 
by dividing the variance of the unrestricted random design by that of 
the restricted design, and expressing the result as a per cent, Bv 
this mettsiue, a restricted design has the same efficiency as the unre¬ 
stricted random design, if the measure is 100 per cent. If the restricted 
design is more effieiont than tlie unrestricted random design, then the 
measure will be greater than 100 per cent, and if the restricted design 
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ia less cfBcicftt, then tlie meusure will Im lcr<s limn IfW) jwr cent. ThU 
mcBBurc of relative cfficioncy cirnnot l»c iicgiilivc, nf cdurw, Ijy definU | 

tion. , ; 

Another ivay of looking nt llii« moimimi of n'lnlivc cfBcicncy is in ; 
teima of sample si'/e. For example, for 10, TaMc 0 Kltows that (or 
every element in a fitmtifieil winiplo, the unrealrirlml rornlom fijitiiplc 
requires about one and onc-haff clcnuuifs lo have rbt- f<amn rffiriciicy. 
Similarly, for n=«10, the rnndum wimple rcipiiri'u nlmnt twu mul onc- 
liolf elements for every eieniciit of Ibc fiyoU iimlic druigii In have the 
eaitve clticioivcy.. 

Table 6 shows some inleroslmK inforniuli«>n ubnut some eluiraelrr' 
jstics of the systomalic design. Firsl, we nolirr* Ib.nl llie value of 
although always iiegalivo, i*« exlimucly vurinblc, and tliut it does 

not vary consiBLeutly with either ?i. nr A\Tim value for any given 

value of 71 or fe, depends not wi rmmli nn llm vaUn* nf f« nr fc as on the 
'^rj'angcraont of Ibo elements in the original pnjiulaliiui and llm degree 
^to which aucccssivo cloineiit.H in llm pnpiiltUion am pnsiiively nr nega¬ 
tively oonelftled. Wc also wm. that aUlmngh, in gvimriU, llie. variance 
of the .systematic design dccrciis(!.s with incn’iising eii'^n of n, llils tie- 
creosc is not uniform. For example, llu* vnriiiin'e at a >".111 in niucli lower 
than that at ?i=»28 or n=»J2. Again, llm viirininu' at ne-'dld is much 
lower than at 71*= 42 or 7r«8'l. 

From Tabic 0, we can compare live* veirimmeH uf llm sy.sU'iuntic de¬ 
sign with two other designs for the wuinr sample .‘■ises. T‘lm vai iniiec of 
tho aystematic design for different values nf n linrtiial.<*s, \\'lir*n'.''is Iho 
variances of the proportionate stratified niuvlnm an«l inirvhlrieled van- 
dom designs behave in n slnldo nniriiier. For llm lafler designs It can 
alw’ays bo aaid that if the variance is known for a givi n n. llm ruiriunee 
for a sample of a+ia will l)c smaller, no innUer wlial llm value of ni. 
Tins statement does not hold for the sy.slenmlie ilcfigii. 

The stratified random design shows a s(<“iidy iueicamu in cllieieney 
over the unrestricted design for incrensing vahie.s of 71 , ns (uiii bn seen 
from Table 6 . Tho cfBciency of the .systcinalir design 11 s entiipareMl with 
the unrestricted random design, however, is ernilie. Tim aysliMuaUc 
design is more efficient than tlio slralilicd ranrhun design in the eas().s 
when71 = 10,30, or 60, but it i.H loss efficient than llm Ktialllicd random 
doaign for the cMca in W'buili 71=2!, 28, 42, nr 81. In all eiiwH nxeept 
forTTp^Si, tho systomtiltc dcuign is nnu'e effifueiit llnui llie. unie.^tUieU il 
random doaign, but for 77=84 the relalivo effieieimy is less lluin UH), 
being only 83.3 per cent. 
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For these data, the stratified random is more efficient than the unre¬ 
stricted random design for all values of n, but it never attains the de¬ 
gree of efficiency that the systematic design attains. In the oases Avhere 
the systematic design is more efficient than the stratified random de¬ 
sign, the systematic design ia about twice as efficient as the stratified 
random design, whereas in most of the cases in which the systematic 
design is less efficient than the stratified random design, the stratified 
design has only a slight gain over tho systematic design, 



CALCULATING TUB OEOMNTUIC MEAN FROM 
A LAIICJE AMOUNT oF DATA 

Korlhuttitrn L*nt Pcfeily 

Thi* uoto iirwfluU a aliorl pror^ttiiro f»»r ralnilaling thegw>. 
melrifl menn from a Jarge aniowril ol tfala. The method in. 
volVDB ft) uflitiR a groiiiiinR r.if llio Avriucnry Flint film lion auch 
Uiftl the ration of llw! cinas liioita ate rF|tirtl, nin( hi an n|i{ilicft'. 
lion of the “nhorl method" for cnlrnlaliiiR ti*t; nriliimolie nver. 
oRo. liy thi« unirodiiro llin rnlnilFiiion ipf llir> giOFtiieiric nicftn 
Iftkcft more time than that of tlio. arithtM'-lio iio'aii, only to lha 
cxlcut of fiottiiiR llm logarilhmi «»f hoir vnlii<‘?i mol tin* nnlilog. 
nrithmofoiio vahm. AnitloRoua iFrormlori' ran )ii< iia{><] forlbo 
hnrinoiiic and other inrana. 

I NTitoDtJCTiOM, DisciissioDB ill HtftliMirH It'xla li'nvi* tlirt imprcHi'ioii 
that the calculation of tho Kcoruclric iiM'ttU nf n lurftc imnilior of 
mcosurehicnts rcquirc« inucli luoro linii) lliini iJi** r*iiii|«iiLjUi(»ii of Llio 
arithmetic avcnij'c. Tho proct’thiros uMtully jiri-wutrtl iiiv<ilvti either 
n) tho dotorniinnlion of Uic logarilhiris of ciich iiir'H.siir('iiinil', ivliidi 
is unnccDssory; or b) Ihe uho r)f niiil-poiiiti^ nf e«iniil iiitcrvulM nf tlie 
nrUlunotic voluoa, which givea tho ronulliiiK gi'ornctiif m«‘uii nn upward 
bins. The irtirpo.se of Uiis note is to show thnl it in juiwsililu lo enlciilnlc 
the geometric mean of a lotgo uvimlier of iiK'iuuiroiiiouts jiml iihout as 
cosily ns tho arithmetic avemge. By ihia prormliiro tin* t'lilriihitiou n{ 
the geometric mean tnkes more limn tliun Hint of iho jiritluimlie menu, 
only to the extent of gelling llio lugnrilhina of four vmIuI’S and (he 
antilognrilhm of one value. Furihornuire, niuilogouN iiroi-i'iluro cim ho 
used in obtaining tUo harmonic and other iiuaius, whU'h by ilfliniliou, 
involve arithmetic nvornges of kouu! funclioiis •*! (ho oiigiiinl viihiea. 
Grouping the frequency diHlribnliun with Huilubly elioaen uneipml in¬ 
tervals and tho application of the so-cnilwl ‘'short iucIIkhI” fur ciilcii- 
lating the arithmclic fiverago nrc the hasie of Ihi; pruumluro lu bo 
demonstrated. 

The General Idea. The geometric and linnnonh' iiUMin.s uri* cxnmplca 
of a more general averaging process which may hi* desn ilnul us fulhtws: 
X, the original variable, w traiisfonncd by lucuns of n rcliifion.'iliip 
2=/(A'). (For tho geomotrio mean, A'). Tlion Urn arilhinnlic 

forage of tho Z’s, 2, is ohtafned and Ilia dcaired iivcrngu nf llm A’^'a, 
Xi is moroly t)io value of X oorresponding In 2. (Fur iht! gnniiinlrie 
average, X^entilog 2. The idea of the prupnwul prurrdiut', is (hut, if 
a grouping method with equal class iiUcrviilK on llii*. 2 wain is uaed, 
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then it is not necessary to apply the transformation Z=f{X)f for each 
measurement. It is sufficient to find the X values corresponding to the 
class limits on the Z scale. This yields unequal intervals on the -X" scale 
according to which the X values can be grouped. 

Demonstration of Method. In the following, a short practical way of 
calculating the geometric average for a largo amount of data is ex¬ 
plained using the data in Table 1. 

TABLE 1 
THE DATA 



364.7 

201.3 

300.7 

237.3 

262.0 

223.8 

270.2 

370.0 

304.0 

aoi.Q 

334,3 

349,0 

300.7 

204,3 

288.0 

310.8 

363.7 

417.1 

360.0 

aso.o 

180 . 0 * 

482.0 

218,6 

343,0 

6 B 4.8 

200.8 

308.0 

412.5 

416.3 

364.3 

206.3 

564.4 

331.6 

431,3 

602 . 0 * 

241.3 

973.3 

402.2 

206.7 

373.7 

472.4 

302.4 

400.7 

200.6 

331.4 

246.0 

364.0 

358.0 

282.1 


* nigh ftnd low vtiluoa. 

By definition 

log G = 

N 

where G is the geometric mean, X is the value of the measurement, / 
its frequency, and N is the total frequency. This formula can be used 
if the frequency distribution of the logarithms is known. It is possible 
to get this distribution in a grouped form without getting the logarithms 
of the data. 

Step The Class Intervals. In order to avoid getting logarithms of 
each value of the data, wo determine class intervals such that the 
ratios of the upper to the lower limit are constant. These are appropri¬ 
ate because then the corresponding grouping of the logarithms would 
have equal intervals, Tor the data in Table 1, 

(High value) Log 692.0 = 2.7723 
(Low value) Log 189.0 = 2,2765 
Range of logarithms = .4958 

Ilcnco, in order to have seven classes, the range of the class interval 
of the logarithms should bo about .071, Since the value ,071 cor¬ 
responds approximately to an antilogarithm of 1.18, 1.2 would be a 
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conveniont ratio to use in detcijiiining tiio grodping (ivitli iincrjua) 
intervals) of the arithmetic values. TJien tho class intervals for the 
logarithms •would have a range of log 1.2=.0792. Thus, arbitrarily using 
180 as the lower limit of the first class, wo get tho cln.-o intervals given 
in Table 2. These intervals are obtained by rniiltiplying 180 times 1.2 
to get 216, 216 by 1.2 to get 269, etc. (A fllido rule is adef|imle.) 



limits {jicludc<l In inCorvnh. 


Step § 2. TJte Frequency Dislnbulion. The grouping of the diila ac¬ 
cording to the unequal intervals in Table 2 is made in tho UHUnl way, 
and involves no more work than if the intervals wore equal. It is im¬ 
portant to see that this is also the grouping of the logarithms whoro 
the equal class intervals have a range of .0792. 

Step #3. Cakuldlion of the Oeontetrio Mean, Tho so'called “hhort 
method^ for calculating an arithmetic average from a frcfpioncy liis- 
tribution can bo opplied in calculnting the arithmetic avorngtj of ll^o 
logaviblnns whose frequency distribution is given in Table 2. In llii.s eii.so 
tho assumed meon is the mid-point of tho cloos, log 311-log 373, or 
2.6323. Hence, 


2.6323 4- .0792 




d' « 338.2. 


Tho above involves an application of the formulas 

Y _ Y' 


where X' is tho value of tho assumed mean, il tho arilhmolie avorngo 
of the d’s, and i is tho range of tho class interval. 







THE DESIGN AND ANALYSIS OF METHODS FOR 
SAMPLING MICROCLIMATIC FACTORS 


H, G. WiLM 

U. jS. Department of AgrieuUuret Forest Service^ 

TliG purpose of this paper is to oiitlino the principles and usg 
of a method for sampling factors—such as the amount of rain 
Teaching tlio ground under n foroet during a series of storms— 
^vhich exhibit variatione in botli space and time. Solutions of 
two somewhat diiTeront sampling problems are discussed. One 
is designed simply to provide a sample catimato (average or 
eiiin) for any desired factor over a period of time. The other, 
with little loss of efRcioncy, provides a sample estimate for 
each of a aeriea of short time units malting up the period, as 
well as an eatimato for the period as n whole. It ia shown that 
these sampling methods are likely to supply a substantial gain 
in eflicionoy as compared to methods that have been commonly 
employed. 

I N hbcent years the intensive study of microclimate has added a new 
task to the scicncG of climatology: that of sampling and comparing 
the average magnitudes of microclimatic factors on relatively small 
land areas. As illustrations, the climatologist may -wish to compare the 
average amounts of evaporation and transpiration of water from fields 
containing different crops in a formally designed experiment, or the 
amounts of rainfall reaching the ground on watersheds or plots contain¬ 
ing different kinds or densities of plant cover. In such studies the use 
of a single climatological station in each field or watershed fails to pro¬ 
vide records adequate for reliable comparisons, and it becomes neces¬ 
sary to sample the desired factor or factors intensively in order to mi¬ 
nimize errors associated with local variation, 

By contrast, much of the earlier climatic research—like that in other 
fields—was designed to find out facta about the behavior of various 
climatic factors over a period of time; usually through the use of single 
climatological stations maintained at selected positions in space. With 
the aid of inductive reasoning, repeated experiments of this sort have 
contributed greatly to our fund of knowledge on the general behavior 
of tlioflo factors. When viewed in the light of our newer requirements, 
however, Buch studies are inadequate for deriving quantitative eati- 

1 Rooky Mounldln Forest nnd Rnnso Flxporlmoiit Slntlon, Fort Collhia. Golorndo, Ornloful 
noknoTvlcclgmont Ig mndo to W. Q. CoclirAn and F. X, SohumnDliDr for Lliolr liolpful BUggcsliona o-ud 
crltlolBm of tlio molbocls doaoribod in llila pjipor. 
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mates of the average magnitude of any factor on a land area large 
enough to contain local variations in microclimate. 

The solution of this newer problem i.s not clinicult; it in only neces¬ 
sary to sample eacli area by some standard tecimiquo, with coiitiniioua 
records obtained from a number of climatological instruments or sta¬ 
tions installed at randomized points in the area so ns to reduce sampling 
errors. This method may, Jiowevcr, be extravagant in cost, since it calls 
for a number of expensive iustnimonts rctiuiring cc)nsid(>ral)lo attention, 
and provides unnecessarily prcci.so information on time variations wliilo 
adequately minimizing the sampling errors which are n-ssocialcd with 
variations in space. Soractimc.s, in fact, the necessary mimljor of instru¬ 
ments may incur prohibitive co-sts. One writer has even slated® tjmt 
"it was early discovered that rain in the forc.st eaniutt be nioosurcd” 
because of excessive local vwiation.g in net precipitation under a forest 
canopy, 

The purpose of this article is to outline a more ofTicicnt method for 
sampling microclimate and to discuss tlio etivLisUcal methodB of nnnly- 
sis that are suited to it. With appropriate modifications, this method 
should be adaptable also to tlic sampling of other variables tliut are 
characterized by variations in both time and space. In brief, it requires 
the use of only a small number of inslruinciitH for eacli ar<>a to bo 
sampled; these instruments are not placed at fixed po.siliouH in the 
area for the duration of the ntudy, but arc moved after each sampling 
observation to new randomized positions. Each individual oliHorvation 
contains sampling errors associated with both the lime and tlio place 
at which it is taken. With properly designed sampling, liowcver, uaeon- 
founded average or total values can be obtained for any desired time 
period long enough to permit thorough sampling in both time and space, 
and both types of sampling error can bo simultaneously minimized with 
a good deal of efficiency. If these moving instruments m e eupiilcniontcd 
by one or more fixed stations—employed for the statistical control of 
variations associated only with time —, oven short-limo (na daily) aver- 
ago values may generally bo calculated with satisfactory precision and 
little additional field work. 

This method has been used in samjding not raiurall under a conifer 
forest’-* with a striking increase in cfTiciency as compared to Iho use 
of rain-gages kept at fixed locations. In a rnndoinizcd-bloolc cxinu'imi'nt 

■ Rudolt Qiilxor, 'Diw ICIinm tier liodoiiiinlian I.iirorhlchl,* WimirnKhn/l, viil, 7H (IIWJ). 

I C. n, Nicdorbol oiul II. Q. WHm. nilQcl of cuttiiiK iiiiiluro IoJki-PoIo lillin OM rolnlnll Inter- 
copHon, Journiii of Forcu^ry, vol. 41, pp, i7-01. 1043i 

*11. 0. Wiltn, DolarmlnliiK not rAturnll unOor in conilor ffironi, JoumnI of /Ipri'i^iJ^urnl Ii«*6nrch 
vol, 07, no. 12, pp, 601-512, 1045. 
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a total of 80 gages, moved after each of 24 storms to sample new loca¬ 
tions on each of 20 plots, provided data on average net and gross rain¬ 
fall that were as precise as though over 400 fixed gages had been 
employed. 

PRINCIPLBB OP THE SAMPLING METHOD 

Any factor to be sampled may be thought of as characterized by a 
true value p. for a given area and season or other relatively long period 
of time, and by variations within the area and period due to two gen¬ 
eral sources: a component t) due to the time unit (as a day or storm) 
during which any single sample observation is taken, and a second 
component € Eissociated with the position of the sample observation in 
the area at that time. Then the magnitude of a single observation Y, 
taken during the ith time unit of the period and at the jtli position in 
the area, may be expressed as: 

Y{j ^ P Tfi 4- €,/, I 

As stated in this equation, the magnitude of the time component is 
common to all observations taken in the area during any particular 
time unit, while the component of position is peculiar to each observa¬ 
tion obtained during that time unit, If both are random and independ¬ 
ent in the probability sense, the mean value of each or their joint value 
will tend toward zero with increasing numbers of observations. 

In most investigations it is not practical to make an enumeration of 
all possible positions and time units in nn area and period of tinne; in¬ 
stead it is necessary to take a randomized sample of these two popula¬ 
tions. From such sampling the truo average value p and the true vari¬ 
ance of either population cannot be determined exactly; it is possible 
to obtain only a sample average and an estimate of the error of tliia 
average in approximating m- If Ti, 1^2, * ■ • are n values of a random 
variable drawn from a population whose true average and variance 
are p and then (j being the average of the observed values), 

S{Y - 5i)2 

-- ^2^ which provides an estimate of <r\ II 

n — I 

If the sample is made up of n observations, the variance of their aver¬ 
age is equal to s^/n; the variance of their sum is and the square root 
of cither value (standard error of the sample average or sum) provides 
an estimate of the failiiro of the sample statistic to equal the population 
value. 

• For Iho symbollflm employed Jn lliin pnper, fseo Q, W. Sncdccor, Methods, 4tli edition 

(pp. 34-36). lowa Stnlo CollcEo Prcaa, 1040. 
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In the sampling problem under tlisciission there nre two categories 
of variation (time and space); each of whicli may bo dcaorihccl by a 
variance. Then the variance of a single observation r, randomized in 
both time and spacO; may be exproswed ns 

sr* = 8,» -h III 

and the variance of tlie averngo of namidc observations taken at h new 
places during each of n time units is 

Sf’ — + «€*/kn", IV 


that is, the variance of the average in reduced in proportion to llie num¬ 
ber of observations taken in each category of voriation,* If tlic snniiiling 
observations in time arc taken repeatedly at the same set of k positions, 
then 

-b Si*/k, V 

And if a single instrument is left continuously at tlio same position (as 
in earlier studies), the variance s,V« becomes zero, wliilc Si’ is not at 
all reduced. If the position variance is at all large, tlds i>roccdm‘c may 
cause a serious error in estimating the population value, simply bc- 
causQ the available data dc.scribo only one point in llio area Hainpled. 
It is evident that the sampling error of an averngo is likely to be mini¬ 
mized Avith greatest efficiency by taking observations at now jjlaeos 
during each of a number of time units (equation IV). 

Up to this point our discuesion has dealt with random sampling in 
both time and space: a type of sampling which may bo employed in 
the study of microclimate, althougli continuous observations in time 
may be more frequently dc-sirablo. In sampling mici'oclimalic factoi's 
it is ordinarily necessary to visit each samplitig ))oint twice in order to 
obtain a single observation: once to install the instrument, and once to 
obtoin the observation at tlie end of a short unit of lime. For this reason 
and because values for short time units are frequently desired, it is 
usually most efficient to move each instrument to a new sampling 
location imincdiatoly after each reading is taken, so timt the resulting 
observations follorv each other witliout a break. By this mcan,H a com¬ 
plete enumeration is obtained of variations in time. Then, introducing 
the correction for a finite population, equation IV becomes 


a,® fiV — n\ fl,’ f/C — kn'y 
n t n ) kn\ K j 


VI 


• KoelDollng corrMlIaru for niiile popiilKflons. whloli ikIIiihI lli« error vorlnncn fil mrpinii lo new 
cia 71 nnd k bccomo nquot lo Oio wbolo populallao. (Sco P. X. Selnininclirr noil U. A. OImpmoii, 
"Somplliifl Melliodfl In Foroalr^i and Itango MnnaiftniQiil,” Oirfre I/fii'KrijIi/ Sekool o/ Porrilrp Siilfe/ta 
7. lOda.) 
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where N and K are the total numbers of time units and positions in 
the two populations; and since n — N when all time units are enumer¬ 
ated, the first right-hand term becomes zero. 

DESIGN AND ANALYSIS OP THE SAMPLES 

In the following sections are discussed the design and analysis of 
two variations of the general sampling method, as developed from the 
above principles. For the sake of clarity, the discussion includes only 
the simplest sampling designs; these may be varied and amplified to 
suit a variety of requirements. In the first sampling problem, the objec¬ 
tive is to obtain a reliable average value for any desired factor on a 
land area over a period of time such as a month or growing season. In 
the second, the aim is to obtain relatively precise average values for 
the area on successive days or other short time units throughout the 
whole period as well as an average value for the period. 

First problem: the estimation of an average value for a penod of time ,— 
If the investigator desires simply an average value for any factor, 
based on consecutive observations taken over a period of time such as 
a growing season, the only requirement is to obtain an unbiased esti¬ 
mate of this statistic and of its sampling error in space (as estimated by 
5i^). These may be obtained by taking sample observations at two or 
more new positions, randomized over the area to be sampled, during 
each of a number of consecutive time units (as days) which add up to 
the whole period. Then tlie variations in time and space which have 
been sampled by this procedure may be pai-titioned into their compo¬ 
nents by a simple analysis of variance (Table 1). 


TABLE 1 

ANALYSIS OF VAIUANCE IN THE SAMPLING OP MICHOOLIMATE 


Source of variaiion 

Dcareea of/reedom 

Variances esKmated hu 
each mean square 

(1) Totftl 

kn-l 


(2) Time unilB 

n-1 


(3) ObBcrvnllona ivilhln limo units 

n(fc-l) 



Since the sampling error variance of the average value obtained by 
this method contains only for our present purpose it is necessary to 
calculate only the mean square for ^‘observations ^ivitliin time units** in 
Table 1, From this mean square the standard error of the sample aver¬ 
age may be calculated: 



Yir 
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TliiB aampling method is illuati-ftied by tltilfi ohUiincd in an mvPHliRa- 
tion of the quantity of net rainfall icncliing the ground under a forest 
of young lodgepole pine (Table 2, "Net Ilainfall”: eoliiiniis hooded 
"F"). In this study two standard rnin-gftgcs were j)laccd at newly 


TABbE 2 

anoss AND NET rainfall in a I’OIUvST OF YDUNd LOHOKlM n,K I'lNM 


BLorm 

NO. 


—Iftchca 

Blonu 

No. 


llnlnmi 1 

iV// 

nrlic^ 

(ftom 


Cofeiiinfcrf 

avtroui 


raiiru7a/ftl 

arttofft 


CV) 

(V) 

IK) 


(.Y) 

cn 


1 

0,00 

D.oa 

0.000 

11 

0.J4 

0.00 

0.100 



,oa 




.12 



1.23 

1.01 

.074 

12 

.30 

,28 

.22B 



.72 




.30 


3 

.02 

.7fl 

.725 

13 

.73 

.02 

.505 



,71 




.06 


i 

,22 

,20 

.104 

14 

.SO 

.11 

.14B 



,14 




.15 


S 

,03 

.05 

.062 

16 

.14 

.00 

.100 



.04 




.07 


6 

.11 

.00 

.070 

10 

.24 

.08 

.180 



.07 




.UH 


7 

.11 

.04 

.070 

17 

.27 

.28 

.204 



,08 






& 

,B3 

,38 

.413 

18 

.17 

.10 

.124 



.44 




.10 


0 

.00 

.03 

.030 

10 

,00 

,00 

,000 



.00 




M 


10 

.40 

.20 

.350 

20 

.24 

.12 

.ISO 



,30 




.10 


Ayorago ^uLal raJiifDll 

Avoraga rolnfnll per alarm 



0.32 

0.310 

4.82 

0.241 



Bum t)l Acjunrca VlHiin elormfl"“0.1107 
menu square «0.0008 

randomized poaition« in tho forc«k during caeli of 20 HUcroaHivc wtornia, 
so that at the end of tlio aliidy period a total of 10 pimiliojiH ha<| Ikk'ii 
sampled. The observed sample value for tho toinl net rainfall uvvv tlio 
20 storms was 4,82 inches of watci’,* and tlio avoriigo rainfall pta* 
storm was 0.241 inch. Prom cq^uation VII, the Btandard error of thi.s 
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average in estimating the true value for the area and period was cal¬ 
culated to be ±0.012 inch.'^ 

The results of another study of net rainfall can also be cited to illus¬ 
trate the precision of our short-cut method. In this experiment rainfall 
data wore obtained at 20 positions in a pine forest, with the gages left 
at the same positions for a period of two years. Since the gage positions 
were not properly randomized; the resulting data may not provide 
unbiased estimates of sampling errors; but they can serve to show the 
benefits of more efficient sampling. For this purpose a consecutive series 
of 10 storms was selected, all occurring in a single month, Based on 
these 200 observations, the average net rainfall for these storms was 
0.2973 inch; the smallest and largest storms averaged 0.009 and 1.036 
inch; and the range from the smallest to the largest reading in a single 
storm was 0.68 inch. From these data 4 different samples of 20 readings 
were drawn, each composed of 2 readings taken at random without 
replacement from the 20 readings available for each of the 10 storms. 
The resulting sample averages were 0.3000, 0.3046, 0.3085, and 0.2960 
inch. Thus even the poorest of these small samples provided an average 
value which deviated only 0-011 inch (3,8 per cent) from that provided 
by 10 times as many observations obtained with gages at fixed locations. 

Second 'pToblcTn: Che esiimaiion of average values for each of a series of 
shorUwie units ,—The relatively simple procedure required for solution 
of the first problem becomes somewhat more complex if a reliable aver¬ 
age value is desired for each shoi’t-time unit in the whole period. Ee- 
turning to equations I and III, we have seen that any single observa¬ 
tion contains sampling errors duo to the particular time unit and posi¬ 
tion at which it is taken; and that each of these components of error 
can be estimated by a variance. Hence it can be appreciated that, 
even though the average of a series of randomized observations may bo 
quite precise (equations IV and VI), each separate observation or the 
average of only those obtained during a single time unit provides a 
relatively poor estimate of the desired factor for the whole area during 
that time unit. This fact is illustrated by the variation between the 
members of each pair of observations in Table 2, and by the large 
standard error of their average (pooled standard error = ±0.054 incli). 

In order to obtain a more reliable average value for each time unit, 
we might take a considerable number of randomized observations dur¬ 
ing each of the series of units that make up tlic whole time period. But, 


’ Blnoo variaLlouB in not rainfall tend lo 1)o correiivlcil wUli Uio Rmount of rniiifftH In llita storm, llio 
lognrilhmH of Uio (lain from iliia axpcrlmont mlglii preferably bava been employed in lumlyaia. Tlie 
natural numbors wore used, liowevor, In order lo Bimplify llio dlHGUSsion of acunpling principles. 
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na in tlic firat problemj this procedure is unwieldy and may be made 
more efEcctWo. In order to increase efficiency we can proceed exactly 
aa in the first problem, taking only two (or k) randomized obaervalions 
during each time unit. For our new purpose, however—the statisticnl 
control of time variations—, one fixed station (or more than one, if 
desired) is employed in addition to the two moving instruments, with 
the new station maintained continuously at some coiivouient point in 
the area sampled. In order to minimize the chance of bins, lliis Hlution 
should be carefully located and care aliould bo taken to avoid tlio 
trampling of crops or any other innucncc that might bo cumulative and 
peculiar to the fixed station,® Observations taken at tho fixed station 
during aucecssivo time units will completely incnsuro variations with 
time at this point; they will fail to do so for the whole area only to the 
extent that the ti’uo value for tho whole area during each lime unit 
interaota with the corresponding value observed at the fixcil atation. 
With the aid of regression analysis, these data will provide a hiusis for 
estimating the most probable average value for the space i)opulation 
during eoch of tho time units which make up the period of study. 

For this purposo a regression equation can bo calculated to express 
the relation of obaevvatioos taken, at tho moving slatioas (V) to those 
taken at tho fixed station. This regression simuld ordinarily be linear 
and quite strong; if it is linear it may assume tho form 

E = ^ + b{x- £) viri 


where E is an average value calculated for the space [)Opulaliou tluring 
any single time unit; b is tho linear regression coefficient computed from 
the corrected squares and products for "time units" (line 2 in Tnblo 
1); X is any single observation taken at the fixed station; and 2 is the 
general mean of all fixed'Station observations. 

From equation VIII can be computed an average value E for each 
time unit, corresponding to each value X observed at the fixed station. 
And the sampling variance of E may bo calculated from an cciuation 
of tho form 





+ 


{X ~ 

Sx^ } 


IX 


where Yg is tho desired error variance; 7(/.* is tho mean HC[unro for errora 
of estimate derived from tho regression analysis (in lino 2, Table 1); 
and is tho corrected sum of squares for the fixed-slalion data. This 


"Ary BUoh bltu wlH not nttcel Uio ovoroffo vnUios otitolno<l from tbo oninplo; but It niTiilit dfToot 
values cAloulaUid for SndivIduAl ([me and it will be refloGletl In tbo inngniludcK of (ho Asmplintf 
errors for Uipo-unU avorncos. 
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equation estimates the error of any value E in estimating the true 
average value for the population in space and time which ia character¬ 
ized by that single value for X from which the value E was calculated. 
As indicated by the right-hand term of the equation, the precision of 
the estimate E decreases the deviation of X Irom the average value 
(:B) increases; where X is close to the average, E may be almost as pre¬ 
cise os the average of all the moving-station data. When, on the other 
hand, X is very small or large, the calculated value E may bo relatively 
unpreciae. Hence this sampling method may not give satisfactory re¬ 
sults where it is desired to obtain reliable estimates for extreme condi¬ 
tions. 

It should be observed that, although the regression may have re¬ 
moved most of the effects of time variation on average values and their 
errors, the quantity Vy.a, may still contain variances associated with 
both time and space, as shown in line 2 of Table 1; but now the time 
variance estimates only a residual effect: the failure of the fixed station 
to isolate completely variations with time on the whole sampled area, 
Thus the mean square for errors of estimate may be expressed as 

7v.x = fcs/ -h 5.* X 


where is the residual time variance. Incidentally, any bias associated 
with the fixed station should be expressed in the magnitude of this ref- 
sidual variance. 

As it is developed above, equation IX is not entirely adequate for 
calculating the error of short-time values unless a single time unit and 
sampling position may be considered a minute portion of the popula¬ 
tions in time and space which are being sampled, Ordinarily even the 
mean of a considerable number of sample observations in space may be 
BO considered, as a single rain-gage or thermograph occupies only an 
infinitesimal part of even a single acre of land. In our sampling prob¬ 
lem, however, the time population ia completely enumerated; and even 
the residual error estimated by the variance for a single time unit 
may represent an appreciable poidion of the population of these time 
deviations. In the calculation of from equation IX, therefore, it 
may be desirable to break down Vv.* into its two components, and to 
adjust the time component for its sampling of a finite population. Then 
equation IX assumes the modified form 


} +*'JLS+-Sr-J' 


XI 


Obviously tlie use of this more complex error equation may induce 
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little gain in prcciBion unices s,.* forma n substaulia! part of the mean 
aquaxe fox erroiB of eatimate. 

When the error variance of a Bcoaonal average is cnlculaled, all the 
right-hand terms of equation XI except a.Vfca \)t!ci)mc zero; m in our 
first problem, the average contniJis only sampling errors nssocinlcd 
with variations in space. 

This extensLon of the simpler method of sninpling may nKuin he 
illustrated by data obtained in a forest of young lodgcj'oh', j)in(> (Table 
2). From theao figures on gross and net rainfall (X and T) we calcu¬ 
lated an analysis of covariance (Table 3), following the form set up in 
Table 1. Thence wc obtained a linear regression equation which ex¬ 
pressed the sampled relation of net to gross rainfall and from whicli, 
by inserting individual Blorm values for gross rainfall, wo could com¬ 
pute the most probable values for net rainfall per storm on the whole 
study area. These calculated values (B), as »l\o^vQ in Table 2, arc ob¬ 
viously more stable in their relation to gross rainfall than arc Ihn paired 
sample values for net rainfall, and provhlo a more reliable estimate of 
the true not rninfnll per storm. 


TABLE 3 

NET BAINI’ALL IN A FOniMT OF YOUNO inOOKrOl.K I'l.S’H: 
ANALYSIS OF VARIANCE ANO COVAIllANCK 


Satire* of 
tanction 

De(/rccM 

of 

/rtedom 

CortccUti tguortt 
dPirf procTufli 


tirrnrt of 

ac* TU 

Cl) Tolftl 

30 

3.7102 2,0706 2,0700 


a« 0.2Hlfl 0.0074 

C2> Timo 





(BlorniB) 

10 

3,7103 2.0705 2.5530 

+0.007 

18 0.1051 O.OOD2J 

(3) ObflofivntionH | 



1 


wiLliin Blorma 

20 

0.0000 0.0000 0.1107 

0.0001 

20 0.1167 0.0058 


HeBTcs&lon cqxinUois'- 5 « J ‘VblX — £> 

^0.2410+(0.801700) (.Y-0.3100) 
-0.80J8X-0.0124 
* r BCooITiclcnl of corrclnlion 
t No Tcgresemii nvnilnijlo 
t NoLfllBulflcnTii; ji>0.05 


Using equation XI and the data in Table 3, \vc cau cKtimate the 
sampling error variance of each of these cahiulntod value’s: 

V.. [s..-W +„.iri.+i£.- 

L I 20 j JUo 3.7i02 J 
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Sf® = 0.0058 2s,* = 0.0092 — 0,0058 = 0.0034. 


Hence 


Ve 


=[ 


(Q. 0034)(19) 

"20 


+ 0.0058 


‘][5 


+ 


(X - 0.3160)*“ 
3.7162 . 


which givea 

Ve = 0.000226 + 0.002430(X ~ 0.3160)*. 

For the first storm measured, with a calculated average net rainfall 
of 0.060 inch and a gross rainfall of 0.090 inch, this equation becoraea 

Vb = 0.000226 + 0.002430(0.090 - 0.3160)* = 0.000360, 

whence the standard error of the calculated average net rainfall for this 
Btorm is estimated to be 

jSe = ± 0.000350 = ±0.019 inch. 

Thus it can be seen that, by the use of only three instruments, we 
not only obtained a reliable average value for the whole study period 
with considerablo efficiency, but also derived an average value for 
each short time unit in the period without much additional work and 
with relatively high precision. In sampling other variables or even net 
rainfall in other places, of course, the relative precision of this shoii;- 
out method will depend on the degree of correlation existing between 
observations taken at the fixed and moving stations. 


bummahy 

In the study of microclimate, the investigator may desire to obtain 
quantitative estimates of the average magnitude of some climatic fac¬ 
tor such as rainfall or temperature on one or more areas of land. This 
objective has been attained in the past by establishing ^^stations" con¬ 
sisting of rain-gages or other instruments in each area and obtaining 
continuous records of the desired factor over a period of time. If enough 
instruments are installed in each area by some scheme of randomiza¬ 
tion, this method should give satisfactory results; but it may involve 
excessive costs for the necessary instruments and their care. 

The cost of such sampling may frequently be reduced with httle loss 
in precision by the use of a more efficient sampling method which is 
outlined in this paper. Instead of the considerable number of instru¬ 
ments which is ordinarily required for adequate sampling, this method 
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calls for only a small number of instrumcnls—two or more—for each 
area to bo sampled. If, for example, it is rlcJiircd only to obtain au un- 
biosed average value for the area over a period of time, two iii.slru- 
ments may be employed, These aro placed at randomiMd positions in 
the area, and moved after each of a series of short Uinc uriit.H (as days 
or storms) malting up the whole period. By this nioauH variations a.'<.sa» 
ciated with both position nnd liino ore sampled fliimiltiiiKumsly, ho 
that ot the end of tlio period of study all time varinlion.s inu'o been 
enumerated and a number of po.sitions in the urea liavc ln'cn Hainiiled 
with a oompavativoly small amount of work. 

While this sampling method provides relatively preeiHo nvorago 
values for each area nnd period, the resulting average values for Iho 
short timo units are not so precise because eadi is haswl on the snini)ling 
of only two locations. If, liowcvcr, ono additional inhtruinenl (or more, 
if desired) is maintained continuously at a fixed position in earli area 
for the whole study period, tlic records olitninotl from (his instrument 
and the moving ones can togcDicr be employed for tlie cahailiilion of 
more reliable average values for each sliort lime unit. 

Witli appropriate modiflcnliona, it should be possible to ndu]>l IhoHo 
methods to the sampling of a variety of biological (ivetorH in Mldiliou 
to those associated with microclimate. 
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D uniNO the past twenty-five years, a variety of machines have been 
constructed for computational work required in business. Most of 
these machines, although designed primarily to meet the demands of 
business, can be applied to scientific computation- Mathematicians, 
statisticians, and other scientists engaged in computing are in most 
cases limited to the use of these machines. Although machines designed 
for specialised computational work exist, and no doubt a machine can 
be constructed for any type of mathematical computation, they are 
not available to moat computers. Thus it is essential that existing busi¬ 
ness machines be applied to scientific computation. Great progress has 
been and will be made in the improvement of such machines if they 
are more universally utilized in scientific work and their inadequacies 
brought to the attention of the manufacturerg. 

The greatest application of business machines to scientific computa¬ 
tion has occurred in the field of punched card equipment. The flexibil¬ 
ity of the IBM punched card equipment has enabled those engaged 
in mass computational work to adapt this equipment to perform their 
tasks in a fraction of the time formerly required by other methods. 
Wlule considerable progress has been achieved in this field, its full po¬ 
tentialities have not been realized. However, new applications of this 
equipment to scientific computation are being constantly discovered. 

There are other business machines, although much more limited in 
operation in comparison with IBM equipment whicli, nevertheless, 
can be applied efficiently to certain computational work. One such 
machine is the Underwood-Elliott Fisher Sundstrand Accounting 
Machine, Model D, which can be applied to differencing of mathemati¬ 
cal tables. TJie main purpose of this paper is to explain this particular 
application which is of great importance to mathematical computers. 
Differencing a table until a sufficiently high order difference vanishes 
or fluctuates within predetermined limits depending upon the order of 
difference, is the most efficient method by which professional com¬ 
puters check the accuracy of mathematical tables. However, there are 
many applications of a machine which can obtain differences of high 
order. For instance, such a machine can be ufied in the inverse operation 
of constructing a mathematical table from its differences, for comput- 
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ing moments by progressive summation, for inton)0lntloii, for sublnbu- 
lation, and for numerical integration. 

The first attempt to construct a machine lo cUfTfrcacc nuitUomalLcal 
tables was made by Clmile-s Babbage in 1823 wlio worked more than 
ten years and spent approximately $80,000 on bis Differcnce-Kiigino 
without success. The main inirposo of Bubljuge's iiiacliinc woh lo com¬ 
pute tables from differences, but this opeiuliou is Ofuienlially the same 
08 differencing tables. After a i)nrt of lliis niiicliinc whs assembled in 
1833, Babbage's thought.'j became c'eiitcrctl on a new idea, that of a 
more complicated machine which he called an Anulylieul-J'bigiiu*. It i.s 
unfortunate that Babbage abandoned bis DifloronCR-Kngiuc, for, as it 
turned out, ho was unsuccessful in noinplcting cillier of the two ma¬ 
chines. Had bo concentrated on the HifTei cncc-Engiiic, it is very likely 
he would have Buccccded. Ncvcrlhclcfis, Baldmgc's atlcmiJt Lo build 
these two maebinca was not entirely wasted. There is no doubt llvat 
Babbage had a considerable innuenco on improving tbo preciHion of 
machine parts of hie time and bis work apparently influenced Gcorgo 
and Edward Sclicutz who succeeded in conulrucling during Bubhnge’s 
lifetime a macluno to calculate and print malbcmalicivl lablca from 
differences. 

Since Babbage’s time many other attempts were mndo to conslnict 
a Differenco-Engino but the mncbincs wore imprucliciddo siiico they 
wore too coetly and too limited in their application to other coinputa- 
tional work,. Recently machines used in general fomi)ulalioiml work in 
business have been applied successfully to compiiling nnd diffcirtmcing 
mathemnlicnl tables. The IBM punched card equipment luw been used 
to difIcTonco tables' and to conBlimct tables from dirfcronccs,* However, 
only second order differences can bo obtained in one run of llie curds. 
To obtain higher order differences, llio lower order difforeiicfis nro 
summary punched on a new set of cards which arc run (bniugh tbo 
machine, their differences summary punched, clc. Another iimchino 
which has been used to difference tables is llie Nfiiiomil Accounting 
Machine.* This machine has been used by Coinrio Lo obtain and jiiint 
all the differonces up to the 5th oitlor. Tlie Burroughs Aceounling 
Machine has also been used as n diflorcncing inacliinc by (lomrio in 
England and by Eckort in the Hnitcd States. Teu-kc.y adding nmchiuc.s 

'Umlkowolor, II. T, nnd Miner, II. 1?., ‘OlUMnln* TUnerencM trom Tunrlied Jour. 

Amer. 5«al, Aiui. Vol, 07, p. 285-207, June UU2, 

IMeTborMii, J, 0., ‘MnlliomAlieal 0|i«rellona wIlli Funchcil Cnrtli,* Jour, Atrtrr, Hlal. Aitoc., 
Vol. 37, p, 37B-2ai, Juno 1042, 

‘Comiio, Ix. J., ‘Inveree InlorpolnUori end SclenlKlo Aii|illentloiu o( lUe Nnllonnl Aooouullnn 
MnoWno,’ Ropoi Slat. Soe. Supp. Vol, III, Nov. 2, 1030. 
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have been used extensively during the past ten years by the Mathe¬ 
matical Tables Project to compute the ?ith differences of a table by 
adding n+1 Buccessive values multiplied by the appropriate binomial 
coefficients. For example, the fifth difference is given by the relation: 

- (a:) =/(i) -- 5/(a?+/0 + I0fix+2h) 

-10f(x+3h)+Bf{x+ih) -Kx+bh). 

In the event that a computer does not possesa an adding machine he 
will find that this differencing process can be performed with consider¬ 
able succefifl on any of the standard calculating machines such aa 
Marchant, Fridcn, or Monroe. 

Through the efforts of the United States Hydrographic Office, the 
mathematicians of the Mathematical Tables Project, U. S. Bureau of 
Standards, and of the Underwood-Elliott Fisher Co,, the Model D 
machine has been set up to difference and construct mathematical 
tables. Since January 1946 these machines have been computing and 
printing all the differences up to the 8th order of 12 digit entries merely 
by setting the entries on a convenient 10-key keyboard and pressing 
actuating bars. The argument a;, the entry/(a;), and the eight differences 
A/(x —lA), Ay(x—2A).... A^f(x—8h) are being printed on a single line 
across a 24^' paper roll at the rate of 120 lines per hour. The appearance 
of the results of differencing a table of is aa follows: 

X f{x) Af{x—1) AV‘(x“;8) AV(x —3) A^f{x — 4) A^f(x — B) 


6 

7776 

4651 

2660 

1230 

480 

120 

7 

16807 

9031 

4380 

1830 

600 

120 

8 

32768 

15961 

6930 

2560 

720 

120 

0 

69049 

26281 

10320 

3390 

840 

120 

10 

100000 

40961 

14670 

4360 

960 

120 

11 

161051 

61051 

20100 

6430 

1080 

120 

12 

248832 

87781 

26730 

6630 

1200 

120 

13 

371293 

122461 

34680 

7960 

1320 

120 

14 

637824 

166631 

44070 

9390 

1440 

120 


The machine is a multi-register adding machine containing two add- 
subtract croasfooters and eight adding registers. The subtractions for 
differencing are performed in the croasfooters; each result is simul- 
tancously printed and stored in ono of the registers as well as being 
applied to obtain the next higher difference. The machine operates in 
accordance with a specially designed control plate set for this differenc¬ 
ing operation. Other operations, such aa constructing a table from its 
differences, can be performed on this machine by changing the control 
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plate. The designing and setting ol a control jilnlc lias to lie pcrforined 
by the company but once a plate is set for a particular o])crtttioii, it need 
never V>e changed except lor normal mechanical repairs. Several dif- 
ferentplates can he maintained witli the iiinchinc so that the operations 
can be changed frequently w.ithoul delay, the iiitoicliiinging of two 
control plates being a simple procoRS. 

The application of the Undcrwood-Klliott Fisher Accounting ma¬ 
chine, Model D, to the construction of mnlhcmalical tables is excep¬ 
tionally clflciont. If the function and nil its difTcrcuiccs are of the, Ruinc 
sign and if the 7th or lower difrerenee is constant, then the niacliine 
will compute and print automatically all the lower order differences and 
the function values without requiring tl>c continuous presence of nu 
operator. The operator would start the machine by Retting up the first 
line containing tJie difTcrcnces and the function value. Tlio ninchine 
■would then automatically rejtoat the constant difference, compute 
and print the lower order differences and function value, repeat the 
constant difference, etc. This is a considorablo nccompIiHliniont, For 
example, one can evahiato autoinalically cerlain scvcnlh degreo poly¬ 
nomials over a long range of equally spaced values of lltc variable after 
setting eight quantities into the macliinc. The function values would 
then be computed aud printed at a rate of three per miiuUe, If the 
6th or lower order dilTorcnco is constant, the arguiuonts cun alno bo 
printed n-utoraatlcally. Tha appearance of the resulls in tabulaliiig 
would be as follows^ 

X A*J{x-4) A’fix-S) Afix-l) /(a:) 


6 

120 

480 

1230 

2550 

4061 

7770 

7 

120 

000 

1830 

4380 

0031 

10807 

8 

120 

720 

2660 

6030 

16061 

32708 

9 

120 

840 

3390 

10320 

20281 

60049 

10 

120 

960 

4360 

14670 

40061 

100000 

11 

120 

1080 

6430 

20100 

61061 

101061 

12 

120 

1200 

0630 

26730 

87781 

248832 

13 

120 

1320 

7060 

34080 

122401 

371203 

14 

120 

1440 

0300 

44070 

100631 

537824 


The machino will operate entirely automatically for certain fvnvctions 
other than those liaving all tlioir clifforcnccB of tho sumo sign, but in 
most onaos when tho difloroncos change sign, or wlicn the sevonth ordijr 
difforonco is not constaiit, an operator imist Ih) i»rcHeat to ojumatc tho 
machine. Function values can be computed and printed by inserting 
any column of known dillotencos up to tho sovonth order and by pross- 
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ing vwiouB actuating bars, Tbe function values can be obtained at a 
rate of 120 per hour. 

The foregoing TJnderwood-Elliott Fisher Accounting Machine, a 
standard business machine, accomplishes more than Babbage expected 
of hia Difference-Engine and represents a marked improvement over 
other machines used to difference tables. The ease with which the opera¬ 
tions of the machine can be changed, its comparative aimplicity, easy 
manipulation, and low coat, greatly enhances ita practicality and 
demonstrates how a machine of this typo lends itself to specialized 
computational work. Unquestionably, many more machines of this 
general nature exist which appear to be unknown to scientific com¬ 
puters. There is no doubt that the great effort currently expended on 
computational work could be appreciably reduced by stimulating a 
wider knowledge of the capacities of existing business machines and 
by promoting a broader extension of their applications. 



NOTE ON SAMPLING PROBABILITIES 

IIoliDnOOK WOUKINO 

Food Research InstiMe, B^tanford Vnivemiy 

H g. noMiQ, rovbwmg iu this J’oui'iuit* a recout imhlicfititm of wino, 
, suggests that "It would hcivo been wine, for Iho. author to havo 
extended his remarks as many arc confiiHctl by the fact lliut Llii; luolla¬ 
bility of acceptance for product of f (luality under n given saniiiling 
criterion diffora from the probability of iidccpliince for ii Kinglc lot of p 
quality. In fact, many have considered tlioni idenlionl,” 

The fact to which ho alludes may bo iJIuntriiLcd ino.Ht siinjily by con- 
eidoi'ing the question: what ia iho probability of rinding no dofoclivo 
orticle in a sample of five drawn from a lot conlaining forty nrlicics? 
Tho question may bo nuswored on the ba.si.'s of nn a.sHiiinjjLion regarding 
citlier, 

n) the quality of tho lot, or 

b) tho quality of tho univorsc from wliicli llie lot came. 

If the assumption taken be that llio lol liivs a fmolion dofcclivo 
^=0.1, the probability ill quo,stion is 

30 36 34 33 32 

P --- .5720. 

40 39 38 37 36 

If tho assumption bo tliot the univerao or proem luus a fraction de¬ 
fective p^.lOi the specification of lot size has nu hearing on the pruh- 
lom, and tho solution is simply 

p = 0.9' « .6006. 

It is apparent that in this instance tho probability coiTc.simnding 
to a specified process quality can bo determined more cn.slly than that 
corresponding to a spocified lot qiialiti'. When the problem iiroscnlcd 
is less simple, as in the case of single sam])ling with an ncco-plancc num¬ 
ber c>0, or in problems of double or multiplo snniiding, the ailvanlngo 
of Working from process quality is rolativoly greater. 

Perhaps the case with which assumptioiiH regarding jiroccns fpuility 
can be justified on tho ground of simpliricivtion hiva oncouragcii neglect 
of tliQ question of principle. Another contributing eircinusVivni'u baa 
been that when such quostious I'eliitu tu iuduHtriid wuupling, it iuciwy 
to point out that tho sampler is usually ccmcerne.d willi a series of wun- 
ples from an industrial process, and so apparently to justify cunaido.ra- 

' S«IiUiDbtt, lOlB. pp, lia-lB, 
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tion of procesa average, ignoring the question whether the industrial 
process is truly a single process from the probability standpoint. 

In any case, it seems worth while to emphasize that the best reason 
for founding probabilities of industrial sampling on process quality 
rather than on lot quality is neither a reason of expediency nor one 
arising from peculiarities of industrial sampling. Such reasons are 
worthy of notice, but they ought not to obscure the fact that consid¬ 
eration of procesa quality is to be preferred on grounds of principle, 
The principle, whether the question be one of the fluctuations of quality 
in industrial samples or of the sampling fluctuations of an average or 
of any other statistic or parameter, is that by founding the probability 
analysis on characteristics of the universe, serious difficulties of inverse 
probability are avoided. 



FllEDERIGIC L. liOFFlMAN 
1866-104.0 


F nEDEincK 1 . HOFFMAN wlio cliccl in Sail Diego, Cnliforninj on Febru- 
ary 23d at the age of 80 was almost llic oldest among the vetorana 
of the American Statistical Asaocintion. Ilis onrlinst book printed as a 
monograph bythoAssociation njiiionrcd fifty yenra ago and fifteen yoars 
later he was chosen for its President. For more Ilian twenty yearn, 
1896-1919, ho was one of the most frequent and valued oontrihutom 
to ita publications. 

Born and trained in Germany but coming to the United Slali'n lic- 
foro he was twenty ho brought with him an industry, which more. Ihun 
Teutonic was almost titanic, nn eager desire to improve man’s estate 
especially by reducing ita burden of sickne.sH, iiovertl' uml crime, nn 
unshakable conviotion that if one was to do good rather than harm iu 
such nn effort ono must study the .successes and failures of the jinsL and 
gather widely alt rclovant facts about the present situation, and tliat 
to tide end ono must rest heavily and conslantly upon Urn slutislical 
method. Becoming statistician of the Pnidenliiil Insumiieo Chitnimny 
of America about ten years oflcr ho landed and before lie was thirty 
j'eara old he quickly a.'isomblcd in hi.s olTufo what was prohalily tlm larg¬ 
est collection in the country not only of Federal reporl.s hut nl.<o of the 
scattered and fragmentary state and nuinicqial rejiorlH dinding with 
demography in the broadest senso of ilic term nnd began to pmir out 
articles and books iniorprotiug tliis materia). 

Upon the interpretation of what ho galliored, for example whether 
the greater prevalence of tuberculosis among Nogroca is dius mainly 
to inheritance or to onvironinont, or whether the increase in tlie deaths 
reported ns duo to cancer means that cancer mortaliby is really ineri'ris- 
iog, opinions might and did differ. His great eervicn lay in focuwiug Llic 
attention of the public and of scholars upon many social evihs and 
furnishing a bosi.s of fact much needed for their successful nnnlyHls. 
This ho did for mining and industrial accidents, nnd for many disensos 
especially prevalent in certain occupations or of iinportancG berauKe of 
the large number they enfeeble or kill, These studica wore on tuficrculo- 
sis, malaria nnd capccially cancer. 

Thirty-three years ago he read before o medical society a phui for a 
new organization to study nnd try to provent cancer. Ah a rc.sult the 
American Cancer Society waa formed almost at onco with him ns one 
of tho foundoia and in his later years he gave most of his atlontion and 
devoted most of his publications to that field. 
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In the middle of the twenty year period which covered his contribu¬ 
tions to the Association's Publications he read before it a paper on 
“Problems of Social Statistics and Social Research” which epitomized 
his life work before and after. He conceived social research as aiming at 
“the solution of the problem of poverty with all its resulting problems” 
and then outlined “a working plan of social research.” This was ar¬ 
ranged under ten heads; wage-earnera' expenditures or budgets, peri¬ 
odical savings aiming to detennine whether the prosperity of the 
masses is or is not increasing with a subdivision of this topic to de¬ 
termine how far the deposits in savings-banks came from wage-earners, 
safety of investment made by wage-earners, preventable industrial 
diseases, preventable industrial accidents, employments for persons 
physically impaired, morbidity and mortality of wage-earners, suicide, 
and finally “possible physical deterioration” of city populations and 
particularly of city children. To this paper he added eight short sta¬ 
tistical appendices outlining some of the information he had garnered 
on these problems. 

It would repay some student beginning work in these fields to re¬ 
view the subjects on which Hoffman pioneered in order to discover 
what progress later scholars have made. This would prepare one 
admirably to carry on his work. 

Walter F. Willoox 
Ithaca, New York 



CAUL SNYDICR 
An Ai'pnicciATioN 

C arIj bnydeRj pnat picsidcnt of tlic Auiericau Stulislical Associa- 
tion, died ou Fcbrunry 15,1040, at Serena, CJarpinteria, California, 
Bt the age of seventy-pix after a long iUiicHH. lie was liorn at Cedar 
Falla, Iowa, of an Engllali mother and an Amerieun father. ItnaUeiidcd 
the University of Iowa for two ycara, Imt Ida apirit rraa loo rosllesa to 
be confined to college routines and ho gave liLmat'lf in sufceoding yeara 
an extensive and liberal education. At twenty he wua tht! citlUor of a 
newspaper at Council Bluffs, Iowa. 

He lived abroad in Switzerland and England for a uumlior of years, 
writing on various subjects, but increasingly in the field of husiiicss and 
finance. From 1017 to 1910 he was a special writer on fnraiielid subjects 
for the New York Tribune, and in 1020 began fifteen yeans of di.stin- 
guiahed fiorvico with the Federal Reserve Bank of New York, first as 
the organizer of the Bank’s research department, mid later tw Clenoral 
Btatiatioian. Puring this fruitful period lie lectured frequently at Co¬ 
lumbia University, tlio New Scliool for Social Ileaoarch, other Uiiivoi-ai- 
ties, and many economic gatherings. 

He was president of tlio American Slatislicnl Awiociation in 1028 and 
was chairman of tho Social Scienco and Economic Section of Iho Ameri¬ 
can Association for tho Advancement of Science in 1034. IIi> wrote ex¬ 
tensively for tho Journal of tho Statistical Awiocialiou and oHier 
professional magazines and was tho author of the following hooks whicli 
had a substantial circulation. 

New Conceptions in Science —1903 

La Nuova Scienza —1901 

American Railways ns Investments ■—1907 

Tho World Macliiiio —1907 

Businesa Cycles and Business Measurements—1027 
Capitalism, the Creator —1910 

In any generation and in any field of knowledge tho new ideas nro 
the product of a few. Most people accept tho fashionable ideiiH of tlieir 
day, and their sorvico (not a negligiblo one) is in dislributing llio.so idea.s 
and proliferating them in greater detail. In oconoiiue,s a few yeai'H ngo 
everybody wrote about tho business cycle and spun out tlio theories 
of its causes and its consoqucnccs. At another period (suitral banks 
wore the fashion and wo were told how our troubles could Lo cured 
just by having a central bank. To-day llio fiuihion is comiuMisalory 
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fiscal policy, whicli has its high priesthood and its ardent devotees. A 
few people, however, have the originality and the vigor to break out of 
traditional molds of thinking, and Carl Snyder was one of these. He 
was an enlightened non-conformist, and his mind cut through drab 
theory into the realities. Ho insisted on digging up more and more 
facts and in learning his economics directly from the facts moro than 
from the textbooks, 

The outstanding discovery that Carl Snyder made when he insist¬ 
ently examined all the old facts and persistently dug up masses of now 
ones was the impetus of growth in economic life under capitalism, He 
insisted on using the old-fashioned word "capitalism” instead of calling 
it “the enterprise system” or some other phrase that ducked the preju¬ 
dices of politics. 

He unearthed long series of figures, all of which consistently proved 
the law of growth, On ratio charts he plotted the figures with trend 
lines, fitted by eye or by mathematical formula, whichever did the job 
better, On the basis of these records of history he denied that the Ameri¬ 
can economic system was decadent or doomed to a downward trend by 
over-gaving or maturity. 

In his search to see the whole picture and the real picture he joined 
to his studies of production studies of distribution and prices and wages 
and bank credit, trying to put together the composite in a way that 
made sense. Out of all this arose a new over-all measure of the fluctua¬ 
tions in the volume of trade and a new measure of the general price 
level as distinguished from wholesale prices, With these instruments 
there became possible for the first time a coherent quantitative measure 
of the equation of exchange. 

Some of these series of measures were rough. The weights to be at¬ 
tached to different kinds of prices in the general price index or in differ¬ 
ent kinds of production and trade in the trade index hod to be approxi¬ 
mations. Dollar figures which were “deflated” to turn tliem into volume 
figures were subject to substantial error. So there were many critics 
who thought that these new discoveries were unprecise and departed 
from the pathway of exhaustive and critical scholarship, as indeed they 
did occasionally. But they came nearer to measuring the reality of the 
whole picture than very precise measures of bits and pieces. 

It was from these studies that Carl Snyder developed a firm, even a 
passionate, belief that the Heserve System by its open market and dis¬ 
count policicB could and should exercise a strong influence on business 
fluctuations. His findings and his convictions were no small influence 
on Federal Reserve policies under the unusual leadership ol Governor 
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Benj'ami?! Strong. The I’csults k1k)WP( 1 Hftincilliing of holli llip troth and 
limitation in llieso principloa. A ntnv cliujjtcr wh.h writion in central 
, banking theory and practice. 

The best fruits of his thinking Carl Snyder put into his hook, Cap{. 
lOihsni Ihs Creator. It in packed with the cvidenco lie had ncennuilatei] 
It is sprinkled with (lawlira of his ciiriouH.rculi.slic, and vivid mind. It 
ia ivithal looaely put together and is vulnerable to tlie critical Imrbij of 
the exact student, but it lias in it more penetrating wisdom than Iona 
of conventional economic writing. 

One can do no bettor than coiichidc willi a quotation from Virgil 
Jordan: ^ 

"Tho burdona of prosperity and progross aro liorno by imi a few crealivo 
spirita, insatiably Bcokiitg knowIcdRO, recklessly riakiiig dnnger, eiidiiririe end- 
loss labor to bring order and acoonipliahnicnt out of llie indifference of nnUiro 
aud thGindolcnca of nmn."* 

Handoppii Bimkiesb 

Now York 
April 1,1940 





BOOK REVIEWS 

Edited by 

Obcau Kutben Burob 
Rutgers University 

Federal Dlmenalonal Quality Control Primer: A Simplified Method for Applying 
Statistical Quality Control to Dimensional Kevised Edition. Providence I, L; 
Federal Products Corp. (1144 Eddy St.), 1046. Pp. 38. Paper. One to six copies, 
gratis; seven or more copies, $0.25 per copy. Two reviewa follow: 

Reviewed by Casper Goffman 
Induatfial Mathematicianf Westinghouae Electric Corporation 
East Piltshurgh^ Pennsylvania 

T his booklet gives nn olomentary presentation of the method of construct" 
ing control charts and of their use in controlling machining operations. 
Several excellent treatments of this subject already exist, notably the 
A,S.T,M. Manual on Presentation of Data and the American War Stand¬ 
ards, 21.1, 21.2, and 21.3. (Reviewed in this Journal 40(231); 377-80 
8 ^45.) 

It is the reviewer's opinion that the present treatment would at first sight 
have greater appeal for the shop supervisor or inspector than most existing 
preBCutntions. On the other hand, it offers no convincing explanation of the 
practical meaning of atati.stical control or of the relationship between con¬ 
trol chart limits and specification limits. Indeed, the reader ia likely to 
acquire a false understanding of the latter since the control chart limits on 
averages of B are likened to the Ba limits of a frequency distribution for in¬ 
dividuals, No mention is made of a frequency distribution for averages of 5. 
The reader ia likely to believe—aa many users of control charta do until 
shown otliorwisG—that a process will make good piirts if it is in control and 
Ima control chart limits within the specification limits, The practical conse¬ 
quences of this misunderstanding can be drastic. 

A short section (pp. 4-8) ia devoted to a discussion of the variability in- 
hei'ont in a product and the use of the frequency curve to represent the de- 
greo of variability. Most of the remainder of the book is concerned with the 
control chart for averages and ranges. 

Another technique, not a control chart technique, is conaidered on page 26. 
This eousistfl of drawing action limits at calculated distances from the toler¬ 
ance limits. The reviewer feels that this method merits greater attention than 
has been given to it in tho book, especially since it has wide application to 
machining operations with tool wear. 

Pages 32-34 consider a plan for operator participation in quality control, 
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Review nv Lloyd A< Knowlkii 
Associate Pfo/cssor of Afnlhcniutic^t 
Slate [/mrerfiRy of /otua 

1 LTiioTjaii D{)«cnstonaJ Quality Control Primer wah prnbubly writton to 
A. del in fcho sale of preciHion mcaHUriiig iimtrmiicntH, it iw worthy of rather 
careful attention by one interc«tofl in tho fieW of <|unlity coiilrol. Ah ilH nnmo 
impliesj the Primer is in tended to fununh nmU^rial Ruilulile (or reiulinp; by the 
uninitifttcd“-'"iii no senKO to bo a coniplete troatino on llio Hubjnet.'’ Itefor- 
on COB to Bomo additional nmterid nro given at the end of tlio booklet. 

Only tlio protUiclion or fabrication plirtao of nunlily conltnl hy hlntif^tical 
methoda ia diGcusacd. TJiisplinHO ia further limited liyn diacuRHinii of only tho 
60 -callcd average (7) and range (R) cimrta. Ar ndglil well be cxi>ccted, but 
slight reference ia made to design and Hpccincntioris boi^ecl on the procosa, 
and little or no reference to acccptaiico eampling, or to other typCH of con¬ 
trol oliarta flomotitnes uacd in production or fabrientiont 

The following points, well known by workerw in lliin area and often made 
by other writers, are probably worthy of epccivk! allention; (n) ‘‘HutiBtical 
Quality Control, in itself, is not a coniploLo panacea for usauriiig the quality 
of a product. Engineering and Managcmcnl acUorit hewed upon the fads o&- 
lairted from the slalhlical methoda, is alao ncccasnrp;” (h) SinliHlical quality 
control is of value to many other imiuutrics bucIi ah loxtilc, rubberi and opti¬ 
cal where interest may not bo focused on the mcrhaidnd partn; and (c) Sta¬ 
tistical quality control is auitable for oilier than large orgiurw^itiouH. 

The booklet gives reasons tor and states cor lain advantugcK Rocured from 
the use of dimensional quality control. SuggCBliona are given for the installa¬ 
tion of statistical quality control with particular reference to Holeclion of 
operation and dimension, the eampliug procedure, the couHtrucliou of H and 
R control charts and tho interpretation of the results. An inlcrcating exainplo 
is used to illustrate tlicso points. 

In general tho ideas of variation arcs rather well developed- nowover, 
figures 8 and 0 might bo a little confusing since tho frequency curve repre- 
Bonting the ontiro lot in figure 8 is not the auiii of tho Hcparato parts; and 
tho 3<r limits and tho average in figure 0 do not refer to tho data set out on 
tho olmrt, Again some disagreoment might result from what waa meant to 
bo an elcmoutary analysis of a car on a highway in figure 10. 

A reader might question tho wisdom of recording Ihc data to four llgurca 
as on tho work alicct iu figure 11 when the deviation from the mean or a 
nominal wo\dd represent much less work, docroaso the error Im/ardH, and 
make calculations eiinplor, Also, tho advisability of rewriting tho largest 
value and the flinallGRt value in computing the range in quCHtioned. Tho 
numerical oaloulafcions on this work Hheot might bo rccliockcd: 3? «^,()0()1 if* 
apparently obtained by dividing .0000 by 16. Thm diHuropuney idtorH tlio 
ruimerlcal work and some of tho analyais on tiro folluwing pagoH. 

Afl witli many statistical papers, fiomo now notation and variation froin 



BOOK REVIEWS 


249 


somewhat standard procedures have_beeii developed. l'"or example, X' and 
R* denote standard values instead of X' and R' aa set by the American War 
Standards; crosses have been used for averages and circles for ranges instead 
of using the same notation for each chart; broken lines have been used ns 
guide for averages, and vertical ones for ranges—^thia was defended but prob¬ 
ably not too convincingly. 

The difficult subject of control limits as related to tolerance or specifica¬ 
tion limits might very well bo rewritten. No test formula is given (one might 
be implied, but it would be necessary to know theory or method to got it) 
to determine whether or not individual items meet specifications when the 
process is in control, 

The examples and analyses in this booklet are much better chosen than 
in the first printing. The booklet is of convenient size, has an attractive ap¬ 
pearance, and is easily read. The illustrations, diagrams, and pictures are 
interesting. The above comments are intended to be taken in a constructive 
manner. Many of the minor objections could be adjusted in the third print¬ 
ing. 

It is recommended that the Primer be read by those interested in quality 
control by statistical metliods, It represents a considerable amount of work. 

Federal Products Corporation ia to be commended for making more readily 
available, material on this important phase of quality control by statistical 
methods. 


Methods in Climatology. Victor Conrad (Research Associate in Climatology, 
Harvard University), Cambridge, Mass.: Harvard University Press, 1044. Pp. 
XX, 228. S4.00. (London: Oxford University Pre.s 5 j 1040. 22s. Od.) 

Revidw ly H, C. S. Thom 
Senior Meteorologi^i^ V. S. Weather Bureau 
Slatisiical Laboratory^ Iowa State College 

T his is fclie first full-lengfcli book in English on methods in clinifitology. It 
is devoted mainly to the application of statistical methods to meteorol¬ 
ogy, for climatology in a broad sense is simply statistical meteorology. The 
book definitely reflects the author’s long experience as a meteorologist, and 
he is to be complimented for pioneering a text in this increasingly important 
field. The book covers n rather large but perhaps somewhat biased sample of 
the older climatological methods. Many who have been hoping for a text in 
applied climatology will be disappointed to find that this text does not fulfill 
their desires since it discusses no applied problems. 

The book is divided into four main parts and follows a logical plan of de¬ 
velopment of tlio subject, Part I takes up general methods and is largely a 
discussion of elementary statistical methods. Meteorological or climatological 
elements together witli their nicasuroincnt and errors of observation are first 
discussed briefly. Next tliore are four cliaptcrs on statistical methods ap¬ 
plied to these elements, the last two eliaptera of this series being devoted to 
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curve fitting und hamioiiic njialyHiH. Vnrt 11 covcr^i tlio rlirimntcrination of 
the varioUH features of the ineteorologieiil dcnmnls. Tiic«tnti^ticr\l chnrnctcr- 
iBlics of tho siwplo elementfi—tciupcraturei pr<iKflur(% ami wiiut- tiro 
cussed in the first three chapLers of this part riiiikiiig use 0 / tools developed 
in Part I Hero the book (Icpnrtfl tflighUy from it^ logicnl order fr)r considera¬ 
tion of certain combined elements nnd then roUiriis to coiii|jlet<^ the treatment 
of the filniplo clomcnts, cloudiiicHS and prccipitntiim. Purl HI is concerned 
with the general problem of upatitd ceinpnriHMns of urnteofcdngimd rlomcnta. 
After preliminary discussion of the tnidoney toward uniformity of records 
of adjacent etatiouH, llic problems of hoiimgcneity of eliinatolciginil series 
and tliG completion of Buoh Rcrics are treated. A dmptcr on correlntion and 
regression follows. This order docH luit scorn nnlirely logicnl tineo comdation 
and TCgrcsBion arc the nulurul toolw tor the uimlyew of eomparLKona and 
iiiiglib better hfLve been introduced at tho beginning of this purl. Cirupliical 
methods of comparison, related problems in iinoninlies, and llio Hjieciul prob- 
Icnia of wind occupy the next tliTCe chapters. Part III is completed with 
very brief chapters on air niusH elimutology and cliiualic iiidircH. Part IV 
(UseussGB the cUmatograpUy which in lUe gotuitul dchcriptiou of the climate 
by various modes of rcproHcntatimn There arc appendin*H devoted to Uin 
forniH of climatic tables, tiibIcH rcrpiirrd in llio text, and u Immly inblo of 
day numbers, 

Tho main defect of the book is the iimdcrpiucy of ihn discusHon of sta* 
tisticttl iTvotUodB. While the author mentiopH mo<icru KtiitiKtival me.tboda 
largely by leferonccBj fow of theso motliods Imvc founrl tliuir way into tho 
text. The distinction between the saniplo and tho popiilatioji in not mndo 
clear, and tostfl of significanco arc barely meiilmned. The feet that slutinticH 
thGUiBolvcs arc random varlablca ib not explained and Ultln use iu nimln of 
standard errors of Btatmtics. The atatiBticiau will reurUly recognize the ata-* 
tietical method as that of twenty or more yearn ago oven thoiigli references 
are made to more recent papers on clinialological methods 

Specific criticisnifl of the statistical inetliorl ore principally llioso ut vague- 
noBS, inadequacy, or omisBioii. On page 10 tho prnbloiii of choosing tho nizo 
of tlio class intervals is summarized with choico. of tho nizu of dusa 
intervals is dependent upon tho innid)cr of ohsorvaliona incliulcd in tho 
sample and on the degree of cxactiiOKS required,” This given tho reader no 
method for making tlio choice. Again on pagoa 24 ^20 median fiuurliloB, and 
deciles arc disensBed separately but could boiler have hroii trojilnd genoruHy 
as quantiles which are important in elimutology, Ko umntiou in miido. <\{ the 
Btandard erroiB of these RtatisticH and tlu'ir variability ih doBcribod by 
"these iJietliocIfl aHRUine fclioir real value only if the alze nf tho aainido ia ho 
largo that half tho luniiber of itH iteiriM T(pr(‘H(^nlH a Horira of iriiiny luimJrodH.” 
On page 34 tho "more corront” deBeri])lion of llm normal <lialrii)ulion cd tlm 
footnote iniKbt have been incorporated in the text. At Urn U\iU\u\ uf paga 35 
el se( 7 , the fact that diHCributioiiR iiiiiHt bo noriiwil in onhu’ that atirh an 
interpretation of the standard dcviriLion may bn made i.H too vjigunly ox- 
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pressed. Many distributions in climatology are not normal and care must 
be exercised in the use of the standard deviation. Neither tests of goodness- 
of-fit nor errors of forecasts are discussed in the chapters on curve fitting, 
The discussion of curve fitting and regression could have been simplified by 
use of the analysis of variance. An early introduction of the analysis of 
variance would also have meant a great improvement in all of the statistical 
discussion. In the chapter on coinpariaon of observational aeries clearer and 
more meaningful exposition could have been attained by extensive use of 
regression theory. On page 162 the non-nonnality of the distribution of r ia 
not mentioned and the student who has acquired the level of statistical 
knowledge offered by the rest of the book might get into trouble using the 
probable erj’or of r. A number of statistical concepts important in climatology 
Buch as contingency tables, autocorrelation, the tendenoy to normality of 
the distribution of certain etatistica, special distributions of climatology, 
the ohi-square test and others, and goodness-of-fit of frequency ourvea are 
either not mentioned or inadequately treated. 

On the climatological side, the book is definitely continental in scope. 
References to papers of a tlieoretical nature are largely to the author's own 
papers or to those of continental writers, The excellent modern works of the 
Russians have been ignored. To be sure language difficulties hero are great; 
howover, abstracts and translations have been provided for a number of the 
important Russian contributions. References to American and English 
theoretical works arc also few. Both of these countries have been more active 
in the development of modern Btaiistical method a than the continental 
countries and both have consequently applied these more extensively to 
meteorology. Such concepts as the recurrence interval, Thiessen method of 
weighting, area-depth curves, and others all typically American and im¬ 
portant methods in climatology are omitted. The decision for inclusion or 
omission, of course, remains the prerogative of the author, but this text 
only runs to 215 pages, a short book for such a large subject. 

The author characterizes his own book well in his concluaion which the 
reader would do well to read first: 

The reader who runs over the pages of this book is perhaps disappointed 
in not finding this or that special method. In the first pages, it waa shown 
that the number of derived elements is not limited theoretically; thua com¬ 
pleteness ia unattainable. 

Moreover, it is intended to preflcnt only n system of methods which 
facilitates the step from the qualitative to the quantitative. Many ways 
are ofTered for attaining this purpose, and tliey^ all should load not only to 
an exact and comparable description of the climate but, in the end, to a 
physical explanation. 

The number of olcmenta being unlimited does not mean that the number 
of methods cannot approach adequate complGtcness. The second paragraph 
of the conclusion is a broad claim hardly justified by the contents of the 
book. 
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This hoak is finding and wJl contimiG to find conflulcrablc nee as a Aowrco 
book for the qualified ebatiiiticiaii ^vorking in nictcorology and iH highly 
recommended for tliia purpose. It is nob recommended ns a text or Imiulbook 
of cHmaboIogical moUioda. 


Cleveland Market Data Handbook, 10-16 Pklition. Uawnrd Whipple (tTcen 
(Diiactor, Tlotil Property Inventory of Molropolilftii Cievrlniid). Olovolnjid 16, 
Ohio: Heal Property luvontory of MoLropoUtnn Clcvcliuul (lOOl Huron IUkuI), 
1046. Pp. 60. $2.60. 

Rkvijcwed dy Prank Stroiikarck 
Emarch ))epartmenlt The Curtia Publialnng Cornpaiiy 
rhiladelphiaf Pcmiaylvania 

T HIS handbook, an annual publication, is well known in iU field, A» tho 
title Biigecfits, tho handbook la prepared for tho uho of inurUcLing men 
interested in tho Cleveland area. 

It is a compilation of Btatisticftl data drawn from federal and local (iourcea 
and presents valuable Blatistica derived from, local HUiirccfi heretofore not 
published, 

The GO pages wliioh comprise the handbook arc iiiadn up of 10 pages of 
promotional text, 34 pages of char La, 13 i)agos of IuIjIcw, and 3 jiagcs of index, 
The autlior, as in past publications, has attempted to filiow loo much in¬ 
formation in some of tho charts; o.g,, the bars of the charts are often divi<lcd 
into four or Jnore componentfl. A f(Mv of the curve cliartn are alH(J emifnsing 
because of the detail of data shown. 

The handbook will be very useful to thoso intcroBled in obtaining social 
and oconomJo etatistica concerning llic Cleveland area. 


Stadfftificho Methodoa tiir lYaturwlssonschattar, Modljcfacr, und lagcnlouro, 
(Statistical Methods for Natural Heientists, Medical Uoscarch Wurkern, and 
Dngmeors,] ylr(/mr Lmdcr (Professor of Applied Mathematical Htati^ticH, Uni¬ 
versity of Geneva; Instructor at the Cantonal Tochmea) University in /urich), 
Basol, Switjsorland: E. Hirkhi’luscr it Co., 1046, Pp, 160. Cloth, Prs. 18.50; paper, 
Frfl. 16.60. 


Ruvieutd by IlHJNnv Setr^FKi 
AaaoctQie 7^ro/c3sor of Engineering 
University of California at Loa Angcka 

C ONeiDiCRTNQ the gciicral abunduncoof scientific bonks written in German, 
one is pusizlcd by the lack heretofore of any expounding the fiuniliar 
(to ub) statistical methods employing the t, F, iiml taljloH, Hinco this 
book—nn olomentary exposition in Ctoriimn—will bo of use to few rciuh^rH 
of this journal, wo eliall omit n detailed Huinnmry and a listing (d errors,* 
and instead remark on some aspects which may bo of wi 4 ior inlCHfst, 


Tlioro arc a modotulq number. 
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One of those is the organization of the book, which turns out to bo quite 
successful; It is divided into two parts, the first of wliich, requiring little 
mathematical knowledge, is in spirit and content similar to H. A, Fisher^s 
Statistical Methods for Research Workers^ but covers loss ground, while the 
second ofTej’s mathematical derivations, mostly by Fisher^s geometrical 
methods, of all tlic distribution theory forming the basis of the first part. 

In spite of its title thero is little in this book aimed directly at engineers, 
Treatment of acceptance sampling is lacking, that of control charts and curvo 
fitting is highly insufficient. The one example of curve fitting in this book 
is apt to give tho engineer or physicist a poor impression of what statistics 
has to offer him here: A lineat graph is fitted for the regression oi y on x 
where x is the velocity nt which tlie braJees are applied in an auto and y is 
the disbailee required to stop. The range of data is considerable, x varying 
from 4 to 26 mi/hr, the variance of y is thus far from constant, yet equal 
weights are used. Later it is decided by a statistical test that the straight 
line ia satisfactory na a regression curve. The reader with a little knowledge 
of jneclinnics will be left skeptical or confused, This might have been used 
aa an example of the powerful procedure in which the form (or plausible 
forms) of tho regression curve is determined from physical considerations, 
after whicli the parameters (or decision between forms) are determined by 
statistical methods. Tlio advisability of considering a transformation to 
logarithms iji pliysical probloms could also have been illustrated Iiore, The 
moral is that it is dangerous to expound applications in a subject matter 
field without a good feel for its elements. 

An interesting difference in mathematical education may be inferred from 
the fact that while for the first part, according to tho introduction, ^^a IcnowL 
edge of tho simplest algebraic formulas sufficcs,^^ single and double subscript 
and summation notation is freely used there. This would trouble most 
American students who have Imd a year of calculus. One also finds it strange 
that in a language bo adaptable to tlie coinage of new words the same 
word (Strciuing) ia used for variance and standard deviation. Actually it ia 
used bore with five different meanings; for population and sample values of 
these two quantities (although the distinction is preserved in the mathe¬ 
matical symbols used) and also for tho more general idea of dispersion, ns 
when we say ^‘measures of dispersion*^ (Strcuungsmasse). 

Operating characteristics (power functions) of tests, and estimation by 
confidence intervals are not mentioned, altliough the author comes very close 
to the latter in the case of tho parameters of the binomial and Poisson dis¬ 
tributions, and ail the necessary distribution theory for many examples of 
confidence intervals is at hand in the book. Indeed, except for brief mention 
of a control chart for the sample values of standard deviations, there is noth¬ 
ing that could not liavc been written twenty years ago after tho appearance 
of Fifllicr'fi famous book, Nevcrbhelesa, this is a very attractive little book 
and its author lias dono a great service to science: He merits the gi'utitude 
not only of all experimental workers who read English with loss ease thai^ 
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German, but of Btatieticiftne everywhere who HhouUl bo Imppy that tlieso 
methoda have been made more widely available, and may even hope tlmfc 
Bomo who would not otherwise have been ultraded may he Htiinvviabcd to 
further study and perhaps eventual contributiona to statintieH. 


Tim© Series Anolyslfli Smoothing by Singes. Lewi^ A. Maverick. San Antonio, 
Texas: Paul Anderson Go,, 1946, I^p* x, 1D3. $3,00. 

Revikw by Leonid IIurwicx 

Jlesearch AasocialCj Coxvlca CommisBion for Ueacarch in Economira 
The Univeraily of Chicago 

T he main objective of tliifl book is to preaent the incchaiiirH of a rjidliod of 
handling time BericB. Thia is nccompliBhed by n general deHeripliou of 
the procedures to be u«ed, followed by a miinbor of illuHtrationH Liken from 
tlio field of economics (San Prnnciaco real estate nclivily; wheat prices and 
production; crude petroleum output; production of cotton, jug iron, and 
Portland cement; Erie Canal freight). 

A partial justification of the method ih contained in the i)rcfaco along 
with some references to the author's earlier conlribntiona. 

Consider a time sccjucncQ of obficrvaliouK Xi on an ccouonuo variable X 
nt time f. The time unit )iiay be a year or sny, a (iimrlcr of n year. Then, it is 
(implicitly) assumed by the author that tlic olwcrvcd vnluca nmy ho dccojii- 
pofied into (1) the Ircud (poaeiblo iucKidiug **long wavey"), (2) the major 
cycle, (3) the short cycle, (4) tim annual cycle (tlio BcoKOJud), and (5) the 
irregular (random?) remainder. Write tliia as 

Xi -i7?y(0 

where J^/ia the j4h component in the above listing, (The altornalive formula¬ 
tion in terms of jiroducts rather than eiiniB gives riee to analogoua pro- 

cedureaO 

Defining 

ff.(o 

/-I 

the method of ‘‘smoothing by stages” may be dcBcribed aa Hint of fitting 
to Xii GtiD to ftfOi etc. The G^b arc called ‘‘smoatliing lincH<” Giit) 
("smoothing line A”) eliminates the sen.Bonal nuctuatioiifl and the irregular 
remainder, butretaiiia the two cycles and the trend; fji(0 ("HiiujatliiriK lino 
B”) is free of tho short cycle, but alill rctainfl the major cycle iukI the trend; 
Gi(t) (“smoothing lino M”) is suppORcd to contain the trend only. 

Fitting ifl done by moving averages or freehand, A g<Mui deal of space ia 
devoted to advice on tho methods of fitting. Onco the* winootliing liucH have 
been drawn, it is possiblo to obtain tho cyclical ami BOaHonal components by 
subtraction (or, hi the miilliplicativo ease, by division). 
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The properties of the separate cyclical components can now be studied. 
Further, a claim is made that such decomposition will help correlation 
studies—either for various components of a given series or for the eame 
component of several series. Tliis is designed to help find certain causal 
economic relationships. Finally, extrapolation of the smoothing lines is sug¬ 
gested for forecasting purposes. The author is careful to warn with regard 
to both correlation and forecasting tliat mechanical procedures must bo 
supplemented by economic theory and corrected for anticipated departures 
from past patterns. 

The author does not use any of the tools of modern statistical iaference. 
There ia no explicit statement of the properties of the universe or precisely 
what it is that is being estimated or tested. Sampling problema are ignored. 

Apparently in ignorance of the work recently done in the field of time 
series (von Neumann, Koopmans, Haavelmo, Mann, Wald, and many 
others), the author repeats, without taking sides, the once widespread fallacy 
of nonapplicability of correlation methods to time series. 

There was a time when the economist's distrust of statistical procedures 
was amply justified. But the well-founded objections which had been raised 
against mechanical application of least squares regressions to economic data 
have stimulated the development of new methods which utilize economic 
tjieory and follow the principles of statistical inference (cf., c.g., Tjalling 
Koopmans, “Statistical Estimation of Simultaneous Economic Kelations^” 
this JounNAL, December 1945 and references cited therein). 

It may be that GOino elements of the author's method will turn out to be 
acceptable, if not optimal, for certain purposes. But a proper appraisal 
must await rigorous formulation of the model to which the method is to be 
applied. 


An Introduction to Educational Statistics. C, W, Odell (AsBOciato Profeasor of 
Education, Univoreity of Jllinois). Now York 11: Prcntice-IIall, Inc. (70 Fifth 
AvoOp 194G. Pp. xiu, 260, 13.60, Two reviewe follow: 

Review by Paul J. Blommers 
Director of Univctdly Dxaminations Service 
University Examiner and Regisirat 
Slate University of Iowa 

P rofessor Odell's stated purpose in writing An Iniroduclion to Educational 
Siatistics was to) provide a textbook suitable for use in a one semester 
course designed to develop in students of education the (fl) to select 

appropriate procedures and measures, (6) to compute measures, (c) to 
interpret measures reported by otlicrs, (d) to associate terms and concepts, 
and (c) to present results. 

The content, except in the matter of emphasis, does not differ markedly 
from that of other staliaticB textbooks written for students of education and 
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psychology. Prielly etatcd, it deals with the common do.scriplivo Htiitistics, 
wtli incaBures of relatlonrfiip, oud witli flftinj)lhig error tlicory. TJio relative 
amount of attention given these rather ))roiid and overUii)ping division^ cor- 
respondfl to the order in whicli they have been named. Tim Ircntment W(ng 
it must be in n book of lids typo) iionninlhemutical. 

The difTicultica experienced by those who have urulertakon tlie task of 
preparing nounmthematical textbooka on statistics arc gonernlly recognized 
and appreciated, AVordineJa is nluiosl inevitable^ and rare indeed is the book 
of this type which has cRcaped without some involved uud awkward hcu- 
tences—not to mention involved and awkward cxpn.Hilions, I’rofossor 
OdolPs book is Bomewhat loss imitlicinatical than inoHt vohnncH of this typo 
and consequently it is nob surprising to fiiul such scntonces and expositions 
OQcuri'ing in it. To illustrate the point> n few examples arc fiulunitted: On 
page 60 is an explanation of the procedure for computing the aritiunotic 
mean of grouped data by the so-called “short method.'' The description of 
the entries in the d column is concluded na follows: “In other words, they show 
how many intervals above or below, that is, larger or smullor tlmn, the 
assumed mean class each of the other classes l.s.” On page 127 is the Hcntencc: 
'Tn general, if a aubtest is uncorrclalcd with the other sublosls eonii)oBing the 
whole test, the coeflioiont of correlation between fleoroB on it nnd on the 
whole is iu which ?! is the number of timcH as long the whole is as the 
aubteat.'^ And on page 131 in a section on interpreting coefneients of correla¬ 
tion; "by dividing v'2-2r' into values of the inoasnre of deviation empkiycd 
.6 lcB3 and ,6 more than the dilTcrcnco in posilion concerned, using the results 
as on tries in the first column of suoh a tablu of tho nortnul curve ns is given 
In appendix, finding tho corresponding areas between pairs of onlinalea at 
tho given deviation dietanccB, and finally doubling them, the per cents of 
cases falling within divisions tho posiUons of wliicli differ by the given 
deviation diatancoa may be found. This aoundn viorc difficult than it ts." 
(Italics mine.) 

Perhaps these sample son tences (it is not possible to cite hero exam pies of 
lengthier expositions) enhance tho contentinn of ProfoRRor Ibdoii M. Walker 
that it is impracticnblo to present statistics without rcHorling to koiiic ele¬ 
mentary mathematical concepts and Llmt individuals donirouB of studying 
statistics and lacking a knowledge of these concepts hud \mt take lime to 
learn them first. Or perhaps thcBC sample Hciitenccs Buggent cnroloHs editing, 
They are not to be construed ns typical of tho wrilbig of the on lire volume. 
The fact remains, nevertheless, that they occurred with Bufllciont frequency 
to cause irritation. 

Sampling error theory is discusBCd in tho book's final eliaider. The trcMit- 
ment is brief, This is BurrMising in view of the iniportanco of Llu^ theory in 
oduoational statistics and in view of the liberal amount of H]iuce tlovoled to 
toploH much less complex. 

In postponing coiiBidcration of sampling theory to the final chajilor, the 
author followa a pattern set in sevoral other recent books of iliis typo. It 
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BeemB unfortunafco that at least a portion of this material was not intro- 
clnccd earlier in the volume so that advantage could have been taken of every 
possible opportunity for applying the theory in a variety of situations, It is 
also invariably true, when sampling theory ia thus postponed, that the 
student must cope with problems in which sampling is implicit without 
benefit of a preliminary disciiesion of the theory. In Professor Odell's book, 
such problems range from the extremes of smoothing frequency distribu¬ 
tions (page 38) to the chi-square test for goodness of At (page 210). In the 
latter instance the use of chi-square as a test of the hypo thesis that el given 
set of measures is a random sample from a normally distributee) universe ia 
described without benefit of any preliminary discussion of sampling theory. 
In this connection it should bo observed that Professor Odell chooses to 
ignore the work of E, A. Fisher, and to use the number of classes less one 
as the number of degrees of freedom despite the fact that both the sample 
mean and standard deviation were used to obtain the theoretical frequencies. 
Professor Odell is somewhat inconsistent in this position, however, for later 
in discussing contingency tables (still without benefit of an introduction to 
sampling) he uses (r—l)(c —1) as the number of degrees of freedom for 
chi-square. 

When the discussion of sampling theory is finally reached, one learns (p. 
260) that tlio author does not approve "the use of degrees or levels of 
confidenco in stating the significance of results.^' Instead l\c prefers to state 
the number of chances to one that the obtained statistic is within a specified 
distance of the corresponding hypothetical value. In making such statements, 
several instances occurred in which the "chances to one" phraseology was 
improperly applied. To illustrate, on page 244, the discussion of an example 
is concluded with the statement that the cliances are 3.7 to 1 "that there is 
a real difference in the direction indicated." In this connection it should be 
observed that Professor Odell advocates the use of the area under only one 
tail of the distribution in stating “chances," Again his position la inconsistent, 
however, for in the case of the t test applied to means, he employs the area 
under both tails. 

Attention should be called to the fact that in Professor OdelPs opinion 
most of the measures used in education are reported to the next smaller unit 
rather than to the nearest unit. Throughout the volume, the limits of the 
classes of grouped distributions are defined so as to be consistent with this 
view. It abould be noted, however, that this view cannot be reconciled with 
present day theory of educational measurement, 

Somo prospective users of this text may find to their liking the author’s 
attempt to “enrich” the students' statistical vocabulary. On page 83, for 
exaniplo, he introduces tlie need for a measure of variabililTj, "also called 
variationj diapcrsiont deviations^ departure^ discrepanep^ spread, scatter, and 
flucliiation” In the opinion of the reviewer the value of tliis practice is 
questionable. 

It is impossible within the spaco limitations of this review to give ct com- 
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pletiQ criticism of this book. A fow fumi ol)jcctionAljle fcaturca will be cited 
briefly: (a) The author departs from rtcceptcd Rotational practice and uaes 
to represent standard error (Clmp. M). {h) The correlation ratio is said to 
^'summarize the deviations of tlio data from tlie curved line that heal fils 
[italics mine] the means of the rows or coluiiiiis . . . ” (p. 170). (c) Tli^ 
median deviation is said to share many of tlie incrita and wcnkncsflcfl of the 
standard deviation because it ''is regularly found by iiiuUijdying the staml- 
ord deviation by n constant" (p. 100). (d) A Rchonia for changing ordinary 
ranlcB to the “same basis" to pereonlilo nuika) iw pimmlcd ns the no\c 
requirement for making ranka comparable (p. 77). (c) The averaging of per¬ 
centile ranks is presented as leading to the ''average rniik.^ That lids “aver- 
age rank" may not corroapoud to the pcrccnlile vftvik of ihia iwerago \a not 
mentioned (p. 78). (/) A procedure for corroding the ataudard error of the 
mean for the ofTcct of errors of measurement waa prcaenlcd, niul the cor¬ 
rected value used in a teat in which the fact that errors of nieaBUromcnt 
were also involved in the obtained mean was ignored (pp. 238 flO. ((?) It is 
Buggeated that bias in soinpling may be revealed by drawing, "in the same 
manner, but iudopondoatly, several samplca of equal size," uud comparing 
them (p. 230), 


llBVTKW UY T\ Fi, VBRNON 
Lecturer in Paychology^ Univcraily of Glaagow 

F rom inony points of view this is an admirable book. Tlin reviewer cannot 
call to mind any other which contains so complete a collodion of statisti¬ 
cal formulae, with precise directions as to their applicabilit 3 ^ Tim concisoncfta 
and clarity of the definitions aro a joy to the reader. Ah u tnxlbouk for be- 
ginnerfl, Imwover, there ia nioro room for doubt. ProfcHHur Odell explicitly 
puts it forward aa covering a onc^somester courne, and claims to emjdinsuo 
"practical computation, use, and undorataiuling, rather Uian derivations 
and thcoreticnl consideratione.'^ Ko higher iimlhemaUcs is required. 

Possibly the teachers and students whom Profonsor Odell lias in niind 
are more highly selected than the reviewor'n psychology and education stu¬ 
dents, the great majority of whom would be confused and put off by t)io 
very abstractness, precision and comprelioiiBivcncss of bis trciitmont of tho 
subject. Standard books such an Garrett's and Lindquist's arc perhaps more 
verbose and in many respects cover lees ground, but they woxdd appear to 
provide the beginner with a bettor imderstamling of tho uhch of statistical 
methods. In the roviowor*e opinion, tlmrcforop tills book should chiolly ho 
employed by tho vcHoarch worker for Ycfcrencc, whoa ho has already gained 
Bomo general coniprohcuBioii of BtatisLicH from other HOiirces. ProfcHsor Odell 
does, of course, roatriot his field to soino oxtciit by oiiiitliug, for exampio, 
ntialyaU of variance and covariance and factor analyBla, and by giving only 
very brief accounts of multiplo correlation, small samplo formulim, principles 
of experimental design, test rolinbility, item aimlj^sifl, and otlmr topics out- 
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Bide the uBual run. But aurely it is more important for the ^^Gonsumer^^ to 
possGBS some understanding of jiifit these topics than to know, say, the for¬ 
mulae for the standard errors of thirty statistical measures, or several ways 
of correcting r, S.E.„„ etc., which very poBsibly should be but Beldom are 
,^\8ed in everyday practice. 

A few more detailed points may bo picked out for comment. Although 
chi-squared is one of the moat important, and inoiab widely applicable 
weapons in the statistician's armoury, it is only introduced, in a limited way, 
towards the end of tlio book. Actually the coe/Ticient of mean square con- 
tingciioy is described in an earlier chapter without resorting to chi-squared— 
a coefTicient which has little if any practical value, since product-moment r 
based on mean doss values is greatly preferable. The simplest method for 
the beginner to calcvilate product moments from grouped data is probably 
Godfrey Thomson's, which involves the variance along the diagonal of the 
correlation table; this is not mentioned. The stock method for biserial r, 
using p, 3 and would seem considerably easier than the method Odell 
provides. The quadratic formula for tetrachoric r is given without sufEcient 
warning as to tlie inaccuracy of its approximations. Cyril Burt's trigonomet¬ 
rical approximation is probably closer, and certainly quicker when graphs 
are not available, 

It would be unfair however to list these criticisms without acknowledging 
how frequently Professor Odell provides novel and extremely useful varia¬ 
tions of standard formulae. The roviewer was interested also in his advocacy 
of the 10th-90th percentile range aa one of the best in dices of dispersion, 
for it turned out to be a particularly valuable meaaure in vocational work 
during the war in the British Forces. Several of the statistical tables, again, 
aro rearranged in convenient forms, though they tend on the whole to be too 
coarse for the practitioner; thus the normal curve table only gives heights, 
areas, cto. for abBcissae from 0,0 to 6.0 by intervals of 0.1. There are good 
exercises and problomB at the end of eaoh chapter, but no answers. The typog¬ 
raphy IB extremely clear, and only two inisprinta have been noted, namely 
the omission of cross-lines through seta of 5 tallies on page 24, and the ab- 
aence of <t in the biserial r formula on page 186. 


Fundamentals of the Theory of Statistlcet Vol, 1, Elementary Statistics and 
Applications; Vol. 2, Sampling Statistics and Applications. James G. Smith 
(Professor of Economics) and Acheaon Duncan (Aasistant Professor of Eco- 
notnics), (Princeton University.) New York: McGraw-Hill Book Co., Inc., 
1944,1045. Pp. X, 720; xii, 408. $4.00 per volume. 

Review by John Wibiiaut 
Reader in SiatiaticSf University of Canihridge 

I T iiAB been a matter of considerable interest to the reviewer to examine 
a modern text on statistics as hia first academic task after six years' ab¬ 
sence on war work. The first thing to note is that those books do nob simply 
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rcprcfiGiit volumes 1 and 2 of n connected tronti^ft. Tliey lire intniidecl Lo bo 
self-contained expoflitions, tJio firnt elementary and the* fiecoiid advanced. 
The books have already been reviewed by W. Kdwards DeiiiiuK (tbia Jour¬ 
nal 40(232): B3‘J^G D M5) largely from the point of view of tlic need for 
an exposition of sampling tccljnif|iie. We uro here, Innvever, up against 
two definitions of the word '^sampling.” The ljuok does not profcKH, in this 
reviewor’a jiidgmentj to go very deeply into tlio tocliiiiquo of Hiiinpliiig meth¬ 
ods nnd surveys, and it may therefore he useful for rnader^ to liave tloHei ibed 
to tb™ the acluevcmeiilH of llie honkn art a cnuihiiic*d tlicorcdical text, ck- 
pecinlly as what is meant by “Samiiling StatiHlics/' its oiipo.^ed to ’’Hleuien- 
bnry Statistics,” is really tests of Hignilienncc, exact ko far they cun bo 
made exact, as ^yo^kcd out by niuthoiiuLticiniia for linitc or “hiiudl” mujijiIcs, 
compared with the more clnssicnl “large sample" llicorv- 

The Drat book is arranged on more or tesa orlliodox “nonuialbenmtical” 
lines, the inverted comniofi being used to expreaa the fact lluit while there is 
a groat deal of algebra (and also geometrical illualralion) in tlici working out, 
for example, of partial regression cocflicients, and souio deep mnthemalicul 
and logical concepts involved in the study of prolmbility and its iijqdicatioii 
to the confidence interval, the book is concerned wiUi calouliUiiig the de- 
Bcriptivo “statistics" rather than testing their signilicance. A very great 
deal of groundwork ia covered, and the book in particularly full on llie qiics* 
tions of tho gathering and presentation of aUtisticHt Tlio reader coining ficnli 
to tho subject will Icani a great deal of wimt statistics is almut, ulLliougli 
it is quite clear that in these days this will not bo cnoiigli, and lie will there- 
foro bo required to go on to tho subject inatlor of the second bcM>k. This is 
iinpHoitly recognized by Iho nmiicroua forwwd rcfcronccH to the Kocoml Ijook. 
This raises tho question of wliothcr It is iutcllcctuany siitii^faetury lu leave 
BO many queationu unresolved until a moro advanced Hlago in luilioa is 
rcaohedi To some extent tho books fall bctwcon Uio two f^limln of jirovkling 
self-contninod texts for an elementary and a more advanced act of readers. 
One illustration of this is that tho fitudy of tlio wiiuplor “jstatiKtidH," Lo., 
moan, standard deviation, etc., is followed up by tCHln of Hignilicanco and 
tho UBG of tho confidence interval, by iiiRanH of the "large sample" standard 
errors of the stabistica, whereas from cliaptor 13 onward there Ih no moro 
mention of such testa. Even tho elomcnhiry student should l )0 told how to 
teat the sigiiificaiice of a simple regression or correlation curflieient, by nieiins 
of its Btandaid error or in otiior, more np-lO'Jale, ways. Tlmre in a formula 
for tho standard error of z (where r <=- tanir z) on page 320, IjuI il hua not Lccn 
applied in the next clinpicr. 

It might have been belter to have ])lnimud the wliole as one HtJUidard text, 
while inclioating at tho same tinio what RoetioiiH could ho ointUed on a firnb 
reading, or by thoao who were prepared lo take on trunl the dui ivutioui of 
mathoinatioal formulae, being content if they know tho Imnic iminciplcH on 
which tests were based, and how they worked, hiving, ns Urn reviewer docs, 
in a country whore authors aro still rather rigidly controlled in the amount of 
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paper they can use, it is apparent that such a method would have avoided a 
good deal of the repetition that has gone into the second book with the com¬ 
mendable objecfc of maJdng it self-contained. The second book does not ap¬ 
pear on a first reading to be nearly as good in construction as the first. TriiCi 
it contains a great deal of sound argument^ not usual in the ordinary text, 
on the inferences that can logitiinately bo made concerning the population 
parameters from a knowledge of the sample statistics, and it is clear that the 
authors have studied this question and the work of Pearson and Neyman 
very thoroughly. But the book is somewhat uneven as a w^hole, conveying the 
impression that questions which liave specially interested tlie authors^ and 
which have doubtless been in consequence worked out in great detail in the 
laboratory, are reproduced in full, while in others the treatment is somewhat 
sketchy. Since there is little in the modern theory which is not dealt with, 
it is surprising to find such a small author index, and to note the absence of a 
number of eminent names, surely the easiest way of finding what has been 
left out of the book, 

It must have surprised the authors to read in W. Edwards Deming^s re¬ 
view that "the second is not a textboolc in mathematical statistics.” The pres¬ 
ent reviewer thought on examining it that it was intended to be such a text; 
the present criticism rather refers to the uneven "weights” attached to the 
different aspects of the subject. It is doubtful whether a long explanation of 
the distributions of samplea of two by means of an arithmetical model is 
needed when the full composite distribution of mean and variance is later 
derived; on the other hand it is somewhat startling to find in chapter 12 that 
mathematical methods are laid aside and Fisher's distribution of r merely 
quoted. Somehow one feels that a text should be either the one thing or the 
other. Either these distributions should be quoted, explained and illustrated, 
giving the same treatment to all, or they should all be derived as well. An¬ 
other example is the goodness of fit distribution, The impression is left on 
the reviewer's mind that the authors are not yet sufficiently at home in the 
synthesis, and therefore exposition, of the formidable amount of mathemati¬ 
cal theory that goes to make up the prosent-clay theory of statistics. There 
is no reason, however, why with a good deal of revision in a subsequent edi¬ 
tion the boolt should nob prove useful for the class of student for whom it is 
intended, The opportunity could then be taken to correct a fairly large num¬ 
ber of minor errors of one sort or another that have no doubt already been 
spotted, A few of the inoiB important may be set down here. On pages 126- 
26 the .95 point has been read from table 8 instead of the .98 point; page 142 
(footnote) suggests that 11 degrees of freedom, and not 8, liave been taken; 
table 24 has not been calculated very accurately, and there is at least ono 
major error (.2033 for pi =,105 should bo .2130), also tire mean should be pi 
in the footnote to the table; the formula in the heading of table 41 is wrong, 
while it is doubtful whether table 42 should be u>scd for N as low as H except 
as a rough test—Neyman and Pearson suggested it for N greater tlran 60. 
On pages 410-11 the authors are evidently roferring to a differont table 
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Trom table 0, Bineo in the lattor tho valuofl for ni >=•0 appear, which makoa 
interpolation ratiier pointlcsa, and iiiculontally bIiowh up tlio wcakneae of 
the intoxpolfttion mothocl advocated. Ono wonders why iMHhor'a hnnnonio 
method on half tho nalural logarithm of I*\ cannot bo used. Tho authors 
have incidentally used the .01 values throughout Lnstcad of tho .Od values in 
this iUuGtrntion. 

Lastly, a word about analynis of variance- The autliorn hcgnii i)ro»iiisinBly 
in tho first book by illUBtraling analysis of vnrinneo in llio mniplc jirohleins 
in terms of population pnrninotern. It was therefore Borncwlial diHuppoiiiting 
to find tho method dealt with very sketchily in tlic second book, and treated 
as a Bomewhat limited tool for Bpccial tcBts. U ia not known why they refer 
to so-called 'nnalysiB of varianco*." Tho name is well cstablishcii and is 
used by the authors themaclvca in both books. The process 10 mialyflis of 
variance, and so fchoio need bo no doubt about tho nniiio ouiployed. 


Statistical Methods: Applied to Ezporlmenlfi la Agriculture and Blologyi Fourth 
Edition. Oeorgo IF* Snedocor» (Director of tho Blntiaticnl Lal>oralnry, Iowa State 
Coilego; Head of the SUlistkal SocUon, Town Agricultural Dxjicnnmiil Stalion). 
Ames, Iowa: Tlio Gollcgiato Press, luc., 1040. Pp^ xvi, 485. 11.60. Two reuicwa 
follow: 

Rkvjbw by D. J. Finney 

Lecturer in the Dcrign and Aitalyaie of Scicidijic Hxpcritjicnl 
UniverBity of Oxfordt England 

D es puEuvEfll flana doubo il cat bon d’avoir des preuvcM, mam il cat peut- 
6tT0 moillour do n^on avoir pas,*** said Qoncral Grentauk of a famous 
Ponguiniati triaU Ilorom Uob the great dilemma for the author of a hook otv 
applied statistics: ho must avoid inathoiiiiitiual proofs, yet to convince his 
roadora ho must Justify his procccUiro logically rather than dogmalically. 
Professor Snodccor Ims ovorcoiiio tho dilliouUy very BucecHi^fuHy l)y careful 
choice of numerical examples and by oinpirical constructiou of t)m prubahil- 
iby difilnbutione required in olcinontary atniittiical tefiia. Tho noinuaLhemnli- 
gqI atuclonfc should gain in understanding of tho Uislft very consider ably I^y 
repeating his sampling cxporiincnta. Sinco its first publication in 1037 * Lliis 
book 1ms been ono of tho fow to combine aucccsafully a sound theoretical 
baeia with an exposition su/Iicicntly clecir and detailed for those without 
efcatiatical oxpenenco. Tho rewritten and greatly improved fourtli edition 
containa 00 pages more than Iho third and hns a alightly smiillor but l)cttor 
typo; it is a vnlualdo text for tho oxpcriiuoutiiUHt in any branch of biology, 
wlietlior ho bo a novico or cxporioiicecl in HUUstjcSi und no oHliciHin of de¬ 
tail should bo couflidorod as cl]sparap;ing to llio whole, 

In chapter 1 , tho Goncopts of popiilntion und saiiiplo parnmclors, null hy- 
potboBOB, testa of Bignifioance, and nduciid linnU are in trod need Ui rough 
Bampling oxporimonta on a tablo of random nnmbors. ApidicaUnns of Iho 
binomial distribution are diacuased and 0. useful table of (Iduchd UndtH Cor 
binomial sampling is given. Professor Sncdccor's insistcnco on tho iinptirtnnco 

♦ PfOQ/Bl undoubiodlv it 15 tood to DtooCs, but II it pwUtva UIUt nol la them. 
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of probleme of eatimation is n valuable corrective to the absurdity of regard¬ 
ing testa of aignificnnco as the sole function of statistical analysis. The 
presentation of the logic of the fiducial argument, however, seeme open to 
criticism in aome places, since it may suggest to the reader that a probability 
of the population parameter lying between certain limits is being deter¬ 
mined, In fact, the probability is that of obtaining a eomple equally or more 
extreme from a population whose parameter is specified. Perhaps tho re¬ 
viewer attaches undue importance to the distinction between these two 
forms of statement, but he is convinced that tho student who learns to 
appreciate this point will be saved from many future illogical arguments. 

Continuous distributions are introduced in chapter 2 and the ideas of 
chapter 1 are extended to them. Properties of normal distributions are in¬ 
vestigated in chapter 3 with the aid of repeated sampling from a typical 
distribution, and the relationships of sample mean, sample variance, and the 
statistic i are discussed. In chapter 4, tests of difference between two samples 
are described. The approximate methods proposed for use when the two sam¬ 
ples have unequal variances are likely to be sufficiently good for most occa¬ 
sions in which this difficulty arises, but Fisher and Yates' tables, which mako 
the Fiaher-Bchrens test bo easy to apply despite its logical subtleties, might 
well have been mentioned. Tiie short chapter on computing methods con¬ 
tains many useful hints for the novice and rightly emphasizes the value of 
common eense appreciation of data in guarding against gross arithmetical 
errors, 

Linear regression is introduced with a very clear explanation of the mean¬ 
ing of the different components of the total sum of aquores, though the vague 
statement that the standard deviation from the regression line is average 
of the vertical distances from the linc^' might well be amended. Correlation 
is discussed in the next chapter and its relationship to regression is cmplia- 
eized. The author fails to mako clear that blie tests of significance of de¬ 
parture from zero for the linear regression cocflicienb and the correlation 
coefficient are identical, and suggests a distinction between the validity of 
the two; the test of the correlation coefficient is not biased by selection or 
restriction of values for one variable, providing that the population regres¬ 
sion is linear and tlje frequency distribution within arrays of the otlier vari¬ 
able is normal, 

Chapter 8 describes "large sample" calculations for normal distributions. 
In chapter 9, the author returns to the analysis of enumeration data and 
gives a good account of the use of the x® test for contingency tables. In par¬ 
ticular, he describes tho procedure for 2 X2 X2 tables, a method not usually 
found ill textbooks, Chapters 10 and 11 expound the analysis of variance. 
After a sampling experiment on the variance ratio distribution, the meaning 
of vnrianco analysis, in berms of additive components of variance, ia consid¬ 
ered. Some Glemontnry classes of oxperinionfcal design are described, though 
tlie account of these could with advantage be extended eo as to indicate tho 
possibilities of incomplete block and lattice arrangements. Indeed, the re¬ 
viewer would like to sco chapter 11 made still longer in order to give a more 
comprehensive account of analysis of variance in relation to experimental 
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deaign. The Btatemont that "one misHing Uoin can he wupplmcl willi the aid 
of a formula'* should bo given more prexioe phrasing ns it UuuU lo perpetuate 
the belief tliatlosa of a few plots or nniiimlH JiinttcrH Jiltlc, niiico the statis¬ 
tician can always fmd out wlmt the rcBults would have l>eonI The excellent 
acoounk of modirieationa rogiiircd for diHproportionalc aubcluBB nuriiborH Ims 
been much extended from the previous cditioiK Covnriniico [Uialysib is wall 
illufltratGcl by typical examples in chapter 12. 

In hia account of multiple regression, Professor Snedecor [lays more atten¬ 
tion to coiTclalion cocnicicnU than is usual; the calculation of the inverso 
matrix directly from flunia of fiqunroH and prodiicla i« generally preferable to 
similar calcidalioim from correlation coenicients. The suhHCqiiniit account 
(chap. 14) of curvilinear regrcflHion bogiiiH with ufleful suKKOstionH m\ how to 
decide the bestforin of function, and continues with illuatralionHof llie fitting 
of polynomial mgrcBsions. Since published tahlca of ortliogonnl pulynomlal 
values are auflicient for most practical needs, their use might linvc been do- 
scribed rather than Fifiilier's original inoro complex jiroccdurc fur fitting on 
thogonal polyiiomials to cciunlly spaced obBcrvations; tlic latter method is 
now only required for observations of unequal weiglit, a coiiiplication beyond 
blio scopo of this i)ook. 

Tho account of indivklnal degrees of frccdorn (chap, Ifi) Is ti useful intro¬ 
duction to tho nnnlysie of factorial oxperiinonta but scarcely docH |uslico to 
tho power of factorial design as nn instrumont of rcHoarcIi; tliere is no men¬ 
tion of tho possibility of redv\oing Ilia orrora of tho more in>porlant treatment 
aonkrasba by eonfounding those of lesser interosL U is surjiriHlng to find a 
BUggOBtion that I'^iBhor and Ida aBSOcialea have met with difliculty in main¬ 
taining tho thosiB that for each clogroe of freedom m appro;da to Hum of 
aquarca can bo segrogatedl tn chapter 10 fvulher aapectw of binomial and 
PoisBon frequoncy diatributiouB are considered, and IranBfoniifltionH of data 
to a form more suitablo for analysis of varionco are diaeuw^cJ. 

The final chapter summarizos the main priudples of tlio planning and 
analysis of sample survoya and ie an excellent iiUroductiou to a iiiont im¬ 
portant branch of applied statistics which is being increasingly used to day in 
many fields of investigation, This chapter will bo di fit cull reading for tlioso 
making their first acquaintance with stalisUcal methods, and po.HHibly in 
subsequent editiona Professor Sncdccor might consider its amplilication. 

Tho book contains all the usual tables now customary in textbooks of 
statistics for biologists, together with several Icbs commonly foundj of which 
tho table of conficleiico intervals for tho biaoiiiial distribution and the short 
table of range in iionnal eamploa aio likely to bo the most UHcful. 

The revioworhas noticed tlio following niiaprinta, iiioHlof which arc li ivial: 
p. 120,1. 0 from bottom;/or 2d2% read 2421%; p. 221, 1. 10 from bottom: 
fot 173 road 172; p. 231, I, 7 above table: Jor 00.1 read 00.4, for 3.r>5 read 
3.60, L 6 above tabloi/er 00,1 read 00.4; p, 246,1. 2 from bottom: /or I) juiiuts, 
(a, !i), (a, c), and (6, c) read 6 polni», (ci, b), (b, a), (a, c), (r, n), (b, c), ami 
{cj b); p, 268, 1, 20: for Alien read Allan; p, 2G0, note to Table 11,22: for 
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67,434 read 67.434; p. 296,1. 8:/or 9.8 read 9.9; p. 312,1. 8:/or (r-l)(6~l) 
read (4 —1)(6 —1); p, 316,1,14 from botfcom:/or 8.7 read 8.8; p. 316,1,16:/or 
Allen read Allan; p, 336, last line of Example 12.10:/or 16.13 read 15.12; 
p. 337, 1. 8: /or 11.10 read 11.11; p. 363, 1. 11: for 0.7412 read 0.7411, 

1. 10 from bottom: /or 0.7412 read 0.7411; p. 408, 1, 2; /or 12 read 12.13,1. 4: 
/or 12 read 12.10; p. 413; Last two paragraphs refer to an analyeia of variance 
in Tabic 16.2, but no analysis of variance was given there; p. 427,1. 2 above 
table: for q read h {twice)] p, 477, Index:/or Allen read Allan; p. 489, Index 
under Variance homogeneity of’^/or 349 read 249. 

Review by W. J- Youden 

Physical ChemUly Boyce ThorrvpBon Institute for Plant Research, Inc, 
YonkerSy New York 

P noFESson snedecoh^s text on statistical methods is written for people 
without mathematical background with the purpose of teaching them 
how to apply statistical methods to the data of biology and agriculture. 
Mathematical statisticians, who are responsible in the first place for estab¬ 
lishing the distributions of various statistics, sometimes feel that it is a 
dangerous business to turn people loose, equipped with a collection of for¬ 
mulas and with only a very imperfect understanding of the theoretical 
foundations of the subject matter of statistics. Certainly, scientific literature 
turns up an annual crop of inept applications of statistical techniques with 
a high yield of erroneous and even absurd conclusions, The reviewer is con¬ 
vinced that many of these mistakes might be avoided if the exporimentor 
did not so often part company with intimate knowledge of his material when 
he applies a statistical formula. It seems obvious enough that when the re¬ 
sults of a statistical analysis are in conflict with an interpretation based upon 
long experience and familiarity with similar data it is time to show caution 
and examine carefully the appropriateness of the statistical method used. 

This particular hazard is not peculiar to statistics. Similar dangers exist 
in the use of chemical techniques. It is impossible for nonchemists to avoid 
chemical procedures; and since they are not chemists, they sometimes make 
chemical blunders. It may be hoped that Professor Sncdecor^a liint to seek 
expert advice when in doubt will be followed whether it be in the field of 
statistics, chemistry, or something else. 

The first chapter, ^'Sampling of Attributes,” introduces some fundamental 
notions by extended exercises in sampling from n table of random numbers. 
These samples of a binomial distribution arc used to establish experimentally 
the frequency distribution for chi-square, and this is in turn compared with 
the exact distribution as a moans of establishing confidence in the distribu¬ 
tions derived mathematically. The discussion of the term “unbiased” might 
have made clear that it ia used not only with respect to a sample but also to 
a statistic which is used to estimate n parameter of the population. There is a 
misprint in the formula at the foot of page 26 where (1—r) is printed for 
(1-hr). One other misprint was noted on page 183, example 8.27, which gives 



206 AMEnICAW aTATIfiTlCAIi AfWOCUTIOK 

the equation for the normal curvc» The exponent in minplnccd bo that it 
appears to bo a part of the upper limit attached to the integral aign, 

Great care ia taken in the early clinj»tcr3 to keep before Iho roaticr juet 
what he ia attempting to do. It ifl continually cinpliaHisied thnt an experi¬ 
menter has some object in mind when he coUcctii data and Lhut llie purpose 
of the BtafciBbician is to set up a clonr-cut eorresiKmdiiiKliyjmlhrwa with an 
appropriate statistical teat. Throughout the buok, the illuhlrativo exaiuplcs 
aa well as bho cxcrclace are chosen from roBcwrch data with ciUtinnw to origi¬ 
nal BOUTCO 0 , Thifl tenture greatly euliancoa the uae of the buok by rcKearch 
workers who must dig out tho methoda without honofit of duj^Hrooiu inelruc^ 
tion. 

After diflcuBsing coinpnriBOiia between two groujia, linear regro^Mon, ond 
correlation, there is n lengthy ar^d CKccUcnt \wc«ci\tatiou of llie nnalyBis of 
variance and covariance. Tlio remainder of the text covers nuiltlplo and 
curvilinear regression, individual degrees of freedom, n brief treatment of 
the binomial and Poisson difttributions and coneluclca witli nn inlcroeting 
chapter on tho design and analyeie of eainpling which Kaa hncii added sinco 
the first edition, In all, about 160 pages Imvo been added since the first 
edition. Certain clinptcra and parts of chaptcra nro indiented m forming a 
short introductory course in the clomcnts of BUiifiUca, Tho n«cctu»ary malhc- 
malical tnblcB nro scattered tlwoughoul tho book hut may he rcntlily found 
by consulting on index of tables nt the back of iho book. It is CHpecially en¬ 
couraging to find how much attonlion is given to tho vidssiiiiclca of actual 
data, {iucli difiicultics as unequal nunibcrs of iiema in the groups eonijmred, 
misaing values from othorwieo well-plnnucd experimental data, unequal vatl- 
anocB in tho groups of data under coinpuriHoni and irnnsronnaliom of data 
to bring tboin into a normal distribution ariBO cnntiniinlly in nctiinl data nnd 
arc often ignored in elementary texts. 

In conduBionj tho question as to whether It in wine for oxperimontal sci¬ 
entists to make clomontary fitalistical applicatioiiB williout [lo.ssc^f^sing a back¬ 
ground in matliomaticnl statistics must bo pasi^ecl u])on by tlio sciontists 
thcmsfllvcB. It is evident that ever larger iiuiiihcrH of noienliKt^ do find some 
familiarity with statisiica of increasing value. Pxofmor Snedccor's book baa 
already earned tho gratitude of ninny research workora n»id the new edition, 
with its inclusion of recent dovclopmcnUi in statiBticfl, should get a cordial 
reception. 


Lectures on Statistical Methods of Inspecting and Conlrolllng Quality: Delivered 
During Q Course of InstriicUon Arranged by tho Deparlmoui of Munitions for 
Members of the Technical Staff: Hold at tho UnlversUy of Mo1bourne» August 
1944. Commonwealth of Amlmlia, Minialry ol MuniUnnHi Qiiaiily (hmlrol 
LooturoB, Molhourno, lOld. Kdited by W. IK. irol/fl/rfl (Head of Quality Chmtrol 
Dopartmont, Diroctorato of rCxplnsIvoB Supply). UfiturrK by A/, //. ihU (Asho- 
ciato Profoasat o[ Matliamalics, Uulverftily of Mollmurueb J, Vhnrrhtr (fCngv- 
noer, Ammunition TftoLory, Footsoray), IC. A. Cornfsh ((iffiecr in Clmrgn, Hoc- 
tion d 1 Malhomalical StatialicB, Couaoil for Scientific and Iiuluslrinl licooarch), 
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H. S, Dean (Aflaistant Manager, Ammunition 3?actory, Pinabury), C, S. Knee-- 
hone (Quality Control Ofiicer, Exploaivea Factory, Salisbury), R.G. Moore (Works 
Manager, Ammunition Factory, Footacray), A, L. Stewart (Standards Aasociar 
tion of Australia), U. jS. TAompflon (Engineer, Ammunition Factory, Footscray), 
Major Tiitemof (Army Inspection Service) and W. N, W, Wallace. East MeU 
bourne S.2, Australia; Council for Scientific and Industrial Kcsearch (314 Albert 
St.), 1044. Pp, 236. Paper, mimeographed, 

, Review by Edwin G. Oldb 

/ A&BQciate Professor of Mathemaiica 

/ Carnegie InsUtuie of Technology 

T^AHLY in 1943, Mr. A. L. Stewart of the Standards Association of Aiis- 
, 4 !/ fcrfllia; and Mr, R. G- Moore^ Works Manager of the ammunition 
/factory at Footscray, were sent to America by the Australian Department 
of Munitions to study the application of Statistical Quality Control, While 
in this country, they conferred with leaders in the field and visited a number 
of companies where quality control was in. operation. Mr. Stewart attended 
several of the intensive eight-day courses sponsored by the Office of Produc¬ 
tion Research and Development of the War Production Board, and Mr. 
Moore visited at least one such course. 

Impressed by our success in using statistical methods to improve the 
quality and increase the production of war material, they returned home 
convinced that education in the techniques should be made available to 
Australian tnanufacturera. Accordingly, an intensive course of instruction 
was scheduled at the University of Melbourne, August 9-16, 1944, by the 
Department of Munitions, for those members of its technical staff re- 
BponBible for the quality of production. A total of eight-seven men attended 
the sessions held on the opening day and forty-seven of these remained for 
the entire course. 

The book under review is a mimeographed report of the intensive course 
of lectures. It is assumed that a stenographic record of the proccedingB was 
made and the result carefully edited. The copy read by this reviewer was 
struck off from badly-worn stencils, and is illegible in spots, but in so far as 
it can be read, the hook has a surprisingly small number of minor errors. 
Most of these have been noted on a correction sheet at the end of the book. 

The reviewer found the book tremendously interesting, and believes Ms 
interest will be shared by a great many of the nearly two thousand men who 
attended O.P.R.D, Quality Control courses in the United States during the 
war period. Moore and Stewart left the United States while our course was 
in an early stage, yet the further developments in the two countries fol¬ 
lowed surprisingly parallel lines. Students of quality control who have been 
wishing for a complete record of the O.P.R.D, courfieUwillJ:find this book an 
excellent substitute and, in many instances, will have oonsiderable difficulty 
in convincing thoiuBclves that the lectures they are reading are not the ones 
to which they tliemflelves listened. Other persons will find the book a valuable 
introduction to the field. 
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Tho coiirac at Melbourne wna coiuiutteil by five in^truelon^, (including 
Moom and Stewart) and seven fiprcinl lecturer/i. After an openiiiK day, 
ranged to give cxccuLivcfl nn overview of wlaliKtienl quality coiilro] and ita 
value aa a production tool* tho cIqf.s whs langlit Iiow to eun>^lruct control 
charts for incoeured clmructerifiticB, fraction defective, and dofretn per unit. 
Lectures ou the nonnid curve, Imioniial di^^tributifin nml rcMK^^rm diKtribu- 
tien, Buppllcd the theory iiccesFury for control clmrlF, and iinved the way 
for lalor work, on acceptance Bftmpbng. Uciiortw by the hiK-oial Icclurcra 
Borved to givo tlie HludonUs viesva of qvmUty coolrol nt work. 

A considerable amount of aUention wuh given to the vm of Scaly'n modi¬ 
fied control limitB, and his method for conlrnUing a group of mnclnucR was 
prcBcnted. The diBtinction between Hlandard and ninddied linnl^H was caro- 
fully made and factors dictating the choice of the latter wore luitrd, 
I'ollowing ft diflciiBsion of tlic general problem of arco|ilruico sampling by 
fittiibutcfl, bho students were given ft Uiorowgh cxplaruilion nf Lbc Podgo- 
Iloniig Tables. In tho main, tbia pari of Ibc inslruelinn folio wed closely tho 
material in the three papers originally imbliflluHl in the JkU »Hy8ltm iTcc/jnicflJ 
Journolf* and later issued in bnok /(iriii,t i>y Jnini M’iloy nnd Accopt- 
ftncG sampling by variables also received ntleiilioai. 

In comparison with tho O.IMIJ). courses, the Midbourho course Hcoinfl 
to have devoted considerably less Liiuo to dcn 1 on^lraticm lectures, and to 
Jaborntory work by tho aludontH. On the other Imud, Hoiijewlmt nirirc Micory 
was included, and such Bubjcctf? aa Tishcr'a Most, Uic Ohlinmle (if sigjim from 
Biiccessivo dilTeroncca, testing tho reliability of chriuiral nnalysns* and 
rational sontcncing of ammunition by uro of SKlcfcct sacniilcs w'crc iuelucletl* 
OtliorwisG, tho coutbcb wore very aimilar, relj'ing on much the Kame. retcrouce 
materiftl and using about tho aamo order of prcscnlatum of topics. V\w\\ the 
reports on appUcations by eiiccinl lecturers roiuuI very buuilivir. Fur example, 
trouble with 100 per cent iuRpocUou at one plant wan traced to tlic viewers 
(insiicctorB) who '"were doing the job to the. bent of Ibcir ability’^ but ^Yln>se 
average ago waa "of the order of 76 ycatH.** 

Tho copy of tho book used for thia review bears the ntainp of Uic Auh- 
tralian Legation, Scientific Ileaearch Liaiuon Office, 1010 K Hlrcct, N.^V., 
Washington 0, D,C. Information is not available here regarding tlic RUjiply 
availnblo for distribution, or tho possibility that a printed edition may be 
in preparation. If obtainable, the book will bo rnNcinnling to "tduiuni^ of the 
O.P.U.D. courses, nnd sliould bo Btiiriulatiiig reading for nuyorio wlio lyishcfl 
to deepen Ills imdcratanding of the iiiotbadB nnd applicaliona of statisticnl 
quality control. 

*31. F, DodR4 ftud n, O, Tlomlfl, NUtliQil JJHI I'irhrtfrnI 

/our«oi8:013-31 Oclober 1020,11. F. Ooiluonnil 11. Q. lloinijr. ^afintleHanicMnK aiul iJrtuMaUBmpUnn 
Infipooilon Tnbloo," Diil SytUm Tcchnia%i JoUrnol 20: I-OI Jnriutiry I Oil, KfK<lliiE( and h. K. 

Clm, DduWo Sampling In ^ Mmmlftclurliiif Flaiil,’ neU TtxhnHai Ji^urnnl iil? a/' 
Juno 1-012. 

t 31, F. DodgQ find H. Q. lloinlK, Sami^inQ Inspectioti Kow Vnrk: Joint W'lloy A SoiKi 

Ino., 1011, Pp, Yi, 100, flQftfwed Sepimb^r /tfjfJ, 
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Sfltnplo Surveys* EconomUi lC0(63fi2): 
446-G Mt 23 *^0/ (474 

Society of Quality Control EnRlnoere In 
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8(atlB{lca[ Melhods in Quality Control: 
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17, YJ. Am / Phyaica 14(2):84-08 Mr-Ap 
•40,* (477 
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William Do well Baton (Profosaor of MaiUen 
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Some CommentB on Carnap's Logic o1 
Induction. Ouatav Borgmonn (Aoslatant 
ProfoBflor of Philosophy, Slalo Univoreily of 
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Approximation of Chi-Square by *'Prob-' 
Ub” and by “LogllB,'^ Josoph Borknon 
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Rapid Leasl-StiuareB Solution of Poly- 
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borfl (Inatructor In Pliyiioa), (UnivorBily of 
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ONE STATISTICAL WORLD 

Earl Latham 
University of Minnesota'^ 

T he construction of a world political system has held the center 
of popular attention at the expense of other international develop¬ 
ments of importance but the work of building international organiza¬ 
tions also goes forward in many different subject matter and technical 
fields, less conspicuously and therefore less well known. While the 
dramatic issues of international politics command the stage, interna¬ 
tional institutions have been formed or are forming to deal with prob¬ 
lems of health, agriculture, trade, finance, refugees, employment, 
education, and culture. These agencies of international administration 
share a common need for reliable data, scientifically collected and as¬ 
sembled, and disseminated as widely as demand requires. 

Sound statistics are basic to the formulation and administration of 
international policies, and the organization of comprehensive statisti¬ 
cal services goes apace with the development of the international 
agencies they will serve. A world system is emerging from numerous 
independent and incomplete fragments of statistical activity: the 
United Nations Statistical Commission; the Statistical Division of the 
Department of Economic Affairs of the UN; the specialized inter¬ 
national agencies like the Rood and Agriculture Organization; regional 
statistical organizations like the Inter American Statistical Institute; 
and private international statistical organizations like the International 
Statistical Institute. In addition to these world developments, parallel 
action is taking place within national statistical systems to order affairs 
in such a way that the responsibilities of membership in a world sta¬ 
tistical system can be discharged most effectively. In the United 
States this parallel action is centered on a new organization called the 
Federal Committee on International Statistics. These efforts to create 

* Formorly wILli tbe Division oi Slatiatioal Btandards, Buroou of tho DudgoEi, 
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a world of statiatica boar promise of ercnlinii? iiow fornm rtf profossionnl > 
cooperation whicli will reflect, iiiHlilutionully, Hus Inip oniverfinUty o( * 
atatistical acicncc. ; 

Tlie hub of this now atatistical uni\'em(! is ihr* UiiiU-d Naliona, i 
with rcforeuce to which the various 80 Knu?iilc(i rtiul siH.'cinlizrd pntt« ! 
ahoulcl osamno the ordered arrmiRoincut of wluu'! ti* axle. 'I'o use Lhig 
figure of spccciv in auotlicr way, tli« skill with which axle and wheel 
arc joined may determine lioth the rale and suuuithiicsH of paswvRc ot 
UN nfinira, if ivol indeed their tlireetkm ami <'teirw>. Wludher llicse 
affairs follow the truck of Phaeton or Apollo will de)>cnd in great 
part upon the success with which inlenuUional stalislical service plots 
the course of policy that neither freezes nor hnms. 

UNITEO NATIONS STATIBTIOAIi COMMISSION 

Of tho fivo elements of intcrnalioiinl slatislicnl organization men¬ 
tioned, those of presiding iinportunce are in tho United NiilioiiH. The 
United Nations Statistical Oommissiem eimies first in point of time; 
and certainly not subordinate in measure of iiifliicnee. 

At llie timo of tho San Franciwo Chuifercnec, when the United 
Nations Charter was drnflcil, some effort was imule to dniw attention 
to the desirability of establishing inU'nialicinn] slalislical Hcrviiios in 
the United Nations. A conference of the itrincipul Htntislical r»fIiciaU 
in the United States Government wna called by the Itureau of the 
Budget to preparo and agree upon a Rlntcmentnf nt*nl for iiitevnalionfll 
organization in March with U'presM'ntativoK in all«*ndnnce nlao 
from certain accessible intcrnalionul urganiznlioim, iiududing the 
Economic, Financial, and Transit Department i>f llio Ta-agiu^ of Na¬ 
tions, tho Intomalionnl Tmbor Olllcc, the UN Interim (himiiiiKHion on 
Food and Agriculture and tho Iiilor American Statistical IiisliluLe. TIuh 
conference proposed to the Hecrolary of Slate that (lUCMliuns rchiling 
to international statistical organization he emmidered at Sun Fran¬ 
cisco blit this was not clone, and the United Nationn C'liurler is not 
explicit on the subject. 

The Preparatory Commission of (ho United Nnljons llicii met in 
London in tho autumn of 10<15 and the coiifercmeo of inlernational 
statisticians made further proposals to the Departnieiit of Stale which 
wore transmitted with its approval to the Uniteri SIuIc.m Delegalc to 
tho Preparatory Cominission. Tho United Slatew Delegalhui did hoiuc 
excellent stall work in the preparation of a paper lithnl, “< IhwrvaUoiiH 
on Organization of Statistical Work of tlic Secrolavial.'’ 

It had previously been recommended Unit a StatisUeal Chtinmission 
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be established in the United Nations Economic and Social Council 
The United States delegation in its "Observations'* proposed further 
that the statistical services of the United Nations be grouped within 
the UN Secretariat in an Office of Economic and Social Affairs, directly 
under an Assistant Secretary-General having charge of that office. 
As the Secretariat of the United Nations was finally developed, it 
was decided to create a Department of Economic Affairs and a Depart¬ 
ment of Social Affairs in the Secretariat instead of one combined de¬ 
partment as had been recommended to the Preparatory Commission. 

Heeding the recommendation of the Preparatory Commission, the 
Economic and Social Council in February 1946 established the Sta¬ 
tistical Commission. By resolution adopted in June 1946 the Gom- 
miesion was charged with responsibilities for promoting the develop¬ 
ment of national statistics and improving their comparability; co¬ 
ordinating the statistical work of the specialized international agencies; 
developing the central statistical services of the Secretariat of the 
United Nations; promoting the improvement of statistics and sta¬ 
tistical methods; and advising the organs of the United Nations on 
general questions relating to the collection, interpretation, and dis¬ 
semination of statistical information. There is a close similarity between 
these functions and those vested in the Division of Statistical Standards 
of the Bureau of the Budget, a similarity which is not accidental since 
the example of the latter was freely used in the original draft state¬ 
ments of responsibility'. 

After establishing the Statistical Commission, the Economic and 
Social Council appointed a "nucleus commission*' of nine members serv¬ 
ing, not as nationals but as experts from the following countries: 
France, United Kingdom, India, United States, Norway, Brazil, 
China, the Ukrainian SSR and the USSR. The appointee from Brazil 
was not able to serve for reasons of ill health and the appointment re¬ 
served for the Uliraine was not acted upon. The nucleus commission 
met in New York in April and May of this year and elected as chair¬ 
man its United States member, Dr. Stuart A. Rice, Assistant Director 
in charge of Statistical Standards, Bureau of the Budget. The Com¬ 
mission considered and reported to the Economic and Social Council 
on its definitive composition and terms of reference. All of its recom¬ 
mendations wore adopted by the Council except that which proposed 
that Commission members serve in their private capacities; the Council 
resolved that members should be representatives of their respective 
governments, 

In its permanent organization the Commission will contain not 
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more fclifln twelve jncJnlierfi, coiifirnicfl by tlio Ecoimmic lUid Social 
Council after nomination by momlier couiilries of Die TIN, and it will 
.meet three limes a year. It was tlio eoiwmHna of the CoJnmiHuion that 
regional Btolistlcul orgajiizntionfl nlioiild be eneonragwl and tliot llio 
International Statwticnl Instilute shonlit br* brought into Home nigular 
effeotive relation to the United Nations. ('<»nRiilembtc attention woa 
given to tho atalistlcal activities of the Bpeciulized hibTontional agon- 
oies and draft language was prepared for iiiclusifin in Urn ternm of 
agreement nogotiatexl between the speeialiKed ag4'nei<’a atul th(\ United 
Nations, covering tho eoordinalion of tlieir alaUslieal prngmTna. Tlio 
Commission voted to croalo a Suh-ConiiniaKiun on Sainpling and tlio 
Council otloptod its tecoinntondalion, aulhori/iiig the CommiKsion 
itself to create tho Sub-Coininisaion, a deparluro from llui ordinnty 
proceduro according to wliicli tlie. Council makes llu' apiJointnicnU. 

Tho Statistical Gomioission sot tlic [nice for oth<>r eommissioiirt of tho 
United Nations in tho speed and efllciciwy with wlneh it set about tho 
tasks of organising itself, and marked out llio lines for Ibe development 
of tho United Nations stalislicnl services. It has the great advantage 
of being located near tlic top of the UN hierarchy and [Kwisr-Hsed of a 
separata organisational life and identity. 

DNITBD NATIONS SECUBTAWAT 

Since tho Statistical Commission is an advisory body and sinco it 
will not bo in continuous session, it is clear tliat the day to day tasks 
of intemationol statistical administration will have, to be- pr rfurnicd by 
tho “statistical secretariat” of live UN, a shovt-haud way of referi'ing 
to the Statistical Division of tho Department of I'letmoinio Affairs of 
tlio United Nations. 

When tho decision was tnado to create a Department of I'/umomie 
Affairs and a Department of Social Affaira instead of a single Ofllcc of 
Economic and Social Affairs in tho UN Secretariat, it llion Itecnme ne¬ 
cessary to decide in which of tho two tho central statistical ofFico sliould 
be located. As between the two rtepartmonts, tho case for bHlgimicnt in 
Economic Affairs was the inoro persuasive since it is c-vpcclcd (hat the 
chief statistical problems will bo economic. Although iiuwo [mrHuosivc, 
tho cose was novortholcBS weak; the better arrangement would have 
been to ostablisb a singlo Department of Economic and Hocial Affairs, 
since the distinction hotween tho IvvosuhicctinuUcr/ioldB is frequently 
an abstract and artificial one, and sinco tho work of both Depivvtmcnla 
will bo related to one organ, tho Economic and Social Onuneil. 

Tho United Slates Delegation to tho United Nations Preparatory 
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Commission in London proposed that the statistical secretariat be 
e^iven substantial functions of control and coordination over statistical 
activities of the United Nations and its affiliates. It proposed that the 
secretariat be given responsibility for providing statistical information 
to the Secretary-General and the Assistant Secretary-General; validat¬ 
ing statistical findings used in UN proceedings; performing functions 
of coordination of statistical activities within the UN and among the 
specialized international agencies; collecting statistics from member 
governments and other international organizations; maintaining cer¬ 
tain statistical publications; collecting statistieSj where feasible^ for 
affiliated statistical organizations; recommending uniform standards 
for national and international statistics; consulting with and advising 
member governments and international organizations about statistical 
problems; and providing a general clearing house service for interna¬ 
tional statistical data. These recommendations were accepted by the 
Preparatory Commission as a valuable statement of the functions to 
be performed by the statistical secretariat. 

At the moment of writing, the statistical secretariat has not been 
organized, but the general lines of its development and relationship 
to the Statistical Commission can be discerned. The Statistical Com¬ 
mission is responsible for recommending the general statistical policies 
of the United Nations; in doing so it will be assisted by the statistical 
secretariat. In addition, the continuous tasks of coordination of the 
statistical activities of the United Nations, its organs, and its affiliated 
specialized agencies will be performed by the secretariat, In a real 
sense therefore it will act as the central UN control in the development 
of systematic international statistical organization. For example, sta¬ 
tistical data required by two or more international organizations may 
be collected by the central statistical secretariat, or may be collected 
by one of them designated by the secretariat on the recommendation 
of the Statistical Commission. It will probably have primary responsi¬ 
bility for collecting general purpose data of various kinds, like popula¬ 
tion and national income statistics, although it is doubtful whether it 
will actually gather much original data directly from respondents. It 
is more likely that its collecting function in the main will be one of 
assembling or collating data already in existence. There would, for 
example, be little point in having the statistical secretariat attempt 
to take the decennial census of the United States, even if it were 
constitutional or otherwise feasible for it to do so, Where general 
purpose statistical information is wanted from statistically developed 
countries, hoAvever, it is entirely possible that the central UN statistical 
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Bcorctaviat may miilcrlftkc, willi tlie coopornlion nf Uib coirntry iu^ 
volved, to collect originol dntn. 

aPKC‘IALl 25 KM AOENTIKB 

The apecializcd intematioiml agonc’icH urc llirwse lliftfc arcs or will 
be affiliated to the United Nations but not b« an orgnnie part of its 
stmcturc. Those organizations intdiido: The Intonialionul Hank for 
Economic Reconstruction and Dcvcdopiiicut; the. Iiilcrunlitmtil MonC’ 
taiy Fund; the Food and Agriculluro OrganiwUiiPii; rroviHi(tnnl Uivil 
Aviation Organization; United Nations Ivlnentional, Sohnilifie, and 
CultumI Organization; and llio Inloriialional I>nbor Organization. In 
addition, the World Health Organization is being organiKcd and plans 
arc being mode for an Intoniational Trade Organization nnd an Inter- 
tional Refugee Organizaliou, Each of these speeializi.'d ageucies exists 
independent of llio formal organization of the Uniteil Xaliojis but nill 
be related to it according to the lernm of ngreenionls of nUiliation to 
be made with tbc United Nations. In Ibcir entirety they prcsniit 
special problems of statisliciil coordiimlion for the OoinniiR^ion and for 
the Statistical Division of tl\e Department nf I'konomic AfTuir.'^, 

The problora is nob unlike that in the United Slales Ooverjunent 
where mnnerouz Federal agencies collect data in areas tpf their npecinl 
oompctencc and only the functions of coordination and (be (h!V(>lop- 
menfc of statistical stamlanls arc centralized. Tliere i« this difTerence, 
however; The central eccrclariat of the UniU^d Natiojis in (‘.\pi'el(>d to 
perform some functions of collection, as indieaUHl. OlluTwise (he. spe- 
cinlized agencies will pumuc tlmir own stalisUeul progratiin, wbieli will 
be harmonized with those of other such ngencien nud with llw. UN 
statistical secretariat, on the ndviee of llio Ktalistienl (hniiMiisKioii. 
Those relations will ho deflned in the terms of ugreenient of ufliliulunu 
The Statistical Commission is deeply eoneerm'd wilb the, lenns of 
these agreements of affiliation, sineo the opportunity is tlnus afTordeil 
to act out tho basic lines along which the statislienl mdivilie.H of the 
specialized agencies may be coordinntert. 

Tho techniques of coordination are familiar, and prnsnmalily will 
be applied to this international statistical eoalcxt. Tim hnsie pattern 
of relationships is dcuontralizalion. As already indicated, where two 
or more specialized agencies want tbc saino kind of data, one of llmm 
may bo designated as tlm focal agency with primary rcHpoimihilily 
for its colloctioji. Similarly other focal points may be designaltd f(»r the 
receipt and dialrihutioiiof data. Arrangements for the. ctearimce. of in¬ 
formation about statistical activities can i)o ojrcralcd through the 
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secretariat and the Statistical Commission. For example, the spe¬ 
cialized agencies will be informed when there is any matter before the 
Commission in which they might be interested, so that they may at¬ 
tend and be heard. Their appearance at such deliberations is not a 
matter of right but of comity, since the Commission may want to 
discuss the statistical activities of the specialized agencies in executive 
session when some line of policy or decision is to be determined, More 
regular and routine arrangements for clearance can be managed 
through the secretariat, among such being the dissemination of re¬ 
ports and bulletins, circulation of announcements about events of 
interest and importance, meetings and conferences, and so on. A well 
devised reporting system that really communicates is an indispensable 
part of the clearance apparatus. 

The uniform language covering the statistical activities of the spe¬ 
cialized international agencies binds the UN and the agency to strive 
for maximum cooperation, the elimination of all undesirable duplica¬ 
tion between them, and the most efiScient use of their technical per¬ 
sonnel in collection, analysis, publication, and dissemination of sta¬ 
tistical information by each of them respectively, The agency and the 
UN also agree to combine their efforts to secure the greatest possible 
usefulness and utilization of statistical information and to minimize 
the burdens placed upon national governments and other organizations 
from which such information may be collected.' 

The agency recognizes the United Nations as the central agency 
for the collection, analysis, publication, standardization and improve¬ 
ment of statistics serving the general purposes of international organi¬ 
zations. In turn, the United Nations recognizes the specialized inter¬ 
national agency as the appropriate agency for the collection, analysis, 
publication, standardization, and improvement of statistics within its 
special sphere, without prejudice to the right of the United Nations to 
concern itself with such statistics so far as they may be essential for 
its own purposes or for the improvement of statistics throughout the 
world. In consultation with the specialized agencies the UN assumes 
the responsibility to develop administrative instruments and proce¬ 
dures through which effective statistical cooperation may be secured 
between the United Nations and the agencies brought into relationship 
with it. The terms of agreement also contain an affirmation that the 
collection of statistical information should not be duplicated by the 


1 Bco ^or QKAmplo tho "Draft Agreomont Botwcon tho United NaLlona nnd llio Food and AeriQulLuro 
Oratmiiation of tho United N&tlonB," United Natione Economic and Social Council, Dooumont E/67t 
Juno 10, 1010, Article XII, pp, 7-8, 
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United Nations or «ny of tlic spccinliml ngoiic'icK n Jir-imvot it U ptac- 
ticablc for miy of them to utilize inforinalion or nuilnrinlH which an. 
other may have available. In order to Ijiiild up a {'oiitral collection of 
statistical information for goncrivl use, it is agreed llmt tlalii mipplicd 
to the agency for incorporation in ifa Imsic alalifilieid sories or Bpegiaf 
reports sliould so far as practicable l)e made nvailaidc to Urn United 
Nations. 

Some of the statiaticid needs of inlenudional ndiainiHiralion liavo 
already been defined. For iiiHlanco the I'iconninto niirl ICmployment 
CommiBsion Ims recommended to the I'lconomic ami Hocinl Conncil 
that it will require firm data on nalionni resources, liiitnnn and mu. 
terial, such as plant capacity and labor force, if it is to do its work 
intelligently. Tim PICAO is holding conferences to detorniinc how the 
cost of conetmeting thirteen weather Hlations in the. XortU Atknlie 
should be distributed nniuiig the bcncniing countries. In addition, it 
will need other statistical information on, Irtiflic, opetalitms costs, and 
finance, if it is to do its work a.<; an inU'rnHtionnl agamy efTeclivcly. It 
is certain that the World Health Orgaiiizulion will reciulre numetoiw 
data on disease, nutrition, and medical Reiwices. 'J'lic work of the Food 
and Agriculluro Organization will require data on foisl supplios, crop 
acreage, food prices, crop forccnsla, and ngrinulturnl melluvls. In luoro 
homely but very practical vein, tlio UN will need staliHlical informa¬ 
tion to fix the quotas of contribution that each nation will Im expected 
to meet. If the UN salarloa are paid in terms of not after Uixcm. Hvalom- 
ntio information on taxes throughout the world will liave to he ob¬ 
tained, for UN recruits its personnel Lhrouglunit tlic world. All of these 
Btatistical considcrivtionB and concerns grow out of tho oimralions of 
international administration. 

The Statistical Commission and the Stalislicnl XMvision have an 
interest in all of these matters, as tlio list of dolcgnird renponHibililics 
diaclosea. The Commission will he intereftted in promoting the. statiali- 
cal development of such countries na Chinn, for instance, in order to 
provide more reliable data on population. It nmy want to make recom¬ 
mendations looking towards improving the coiuparnbilily of nalionni 
income estimatca for tax and quota purpoaos. The SUvliHlieal Division 
and the Commission woxdd undoubtedly take sleps to sec Llmt tho 
World Health Organizalion and tho FAO use. the saino data on nulri- 
tion, to tako a random example of possihlo duplicnlion luuumse of re¬ 
lated subject matter interoeta. Tlio Coiimiission will lie inlnr(‘.sled in 
supporting the central Bccrctaviat in tho development of Bpeeial tcrli- 
niquea for gathering and disseminating general purpose Btatistics, Of 
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use in this and other respects will be the Sub^Commission on Sampling 
which the Commission has been empowered to establish. At all points, 
the Commission will be in position to promote improved statistics and 
statistical methods by study and recommendation, and it will be avail¬ 
able to the organs of the United Nations for consultation and advice on 
general questions of statistics. 

THE LEAGUE OE NATIONS AND THE UN 

These three elements—^United Nations Secretariat, the Statistical 
Commission, and the specialized international agencies—are the three 
sides of the new international statistical center which is being formed. 
They represent a considerable advance over the statistical arrange¬ 
ments which prevailed under the League of Nations.^ In the main 
the Leaguers statistical work was based on the International Conven¬ 
tion Relating to Economic Statistics drafted by the International Con¬ 
ference Relating to Economic Statistics which met in Geneva in 1928, 
Occupying the place now filled by the Statistical Commission was the 
Committee of Statistical Experts which was set up under the Conven¬ 
tion to perform statistical services in major areas of economic interest, 
The Committee was assisted by the Secretariat of the League of Na¬ 
tions but tlie latter in no way dominated or even led the work of the 
Committee. It performed work on request of the League, its affiliates 
and on its own initiative, 

The Committee of Statistical Experts, however, did not meet for the 
first time until March 1931, some twelve years after the estabUshment 
of the League of Nations. There was no meeting in 1932 but thereafter 
there were annual meetings until 1939, when the outbreak of war 
brought them to an end. The meetings were of short duration, lasting 
not more than eight days. The statistical work of the Committee 
was carried on by sub-committees at the time of the annual sessions 
and, in the interim, through correspondence. Under these conditions, 
studies were completed on a minimum list of countries, to be distin¬ 
guished in foreign trade statistics; countries of provenance and 
destination in foreign trade; minimum list of commodities for in¬ 
ternational trade statistics; statistics of the gainfully occupied popu¬ 
lation; indices of industrial production; and on timber, housing, tourist 
and mining and metallurgical statistics. Some work was also done (the 

* An nacQiint of tlio HlnllRlIoal and rcacaroh nativILlca of tlio Lenguo of Naliona wnB prepared for 
llio United NnLlonB SULiRlionl Cominieaion by A. RoHonborg, Hoad of Loaguo of NationR Mifleion in Lho 
United Btatca. This nocounl drnwa altontion to thn aLudy litlcd "T]ic Economio and Financial Orgnn- 
jEallon of tho Lenguo of Nations, a Survey of Twenty-fivo Yonrs Eapcrlcnco,'’ written by Martin Hill, 
to be published shortly by lho Carnegie Endowment for International Peace. 
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stiicliea Avore never completed) on indrxrH orprice«; finnnn„| 
ba ance of paymenla; and indices of finnntn,,, «i,d prirrs in^ nl*'*' 
national trade. Other statislieni aclivili,.s „f i|„. t 

tones and minority qucslions hut were never very exUmsive . 
pnnaon ivith the work dcflcrihcd, ^ ‘ 

AdminislraUvo coordiimlinn of n|] LenRue 
operated through tlic Inter-Dcparinipiilul SLniui! i r. 
the Secrctnriat, whielialso concerned ilself u’ilh li. ' ? of 

entalion of the relevant daU 

met at regular intervals undin- Iho ehnirmnLliin of ^ n 
Economic Intelligoneo Service.* Tim cm^ ^ 

Statistical Exports served as the seereUrv 0 1.^1, of 

CommifcteDi The Chief of the c r 

Labor Offlcc participated in the mJeti w"' 0 ^ the fV ’’ 

included v-ithin its purvlmv ouoHtions of ^,ii ^ 5 

Othor device, ,/ eoo“E„rw T ““ 

llie ILO end llio IiHeranlL.I IiibUi L rf »f 

served ex oJlicio as nasocialcd members of ih^ " 

E^ciprocally, the Economic Intelligence Sen-iVo 

oficio on the statistical exnor ten S' n ^ « 

paired in the organization of tlin TT, -f Vv™"''*’’"''"''*. 

Pirst, the Statiatioal Commission will”noifin”*'*’'’”f”*r^’”''"’“’ 
collecting, assembling, publiahinir op di ^ of 

the responsibility of the Commiffeo KhdiKficH lliat Avns 

mission free to devote itself fn L.xjicrls. This leaves (he ( 

and organization of statistical aSv 'q™ ’‘‘‘'1’" 'f policy 

mission Avill meet three times as often aTT ' r«“* Corn- 

continuity of expert and dii>;. i ^ ^'‘^niiniLU'c, nKaiiriiiK 

n-..>cre, ThirdXV"! oSSirSlI? 

national agencies, stnlistics-Avise fix- in fnn ? ^ 

basic pattern of a comprehensive stnii«i/ ? H’o 

ganization of the United Nations’ mni i Pourtli, (he or- 

with the beginning of the United NaMo** ” 1 '”?^'* ^fovelojirnent begins 
loiter. Pifth, the central etaU i^ ‘"''>^’0 yo^rs 

IB comprehensive in conception and •*"' ^f>'>L'd Niitiima 
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the extent that the United Nations is politically stronger than the 
League (if it is), the statistical services of the United Nations are likely 
to be invigorated and fortified by the prestige and power of the parent 
authority. 


REGIONAL aTATISTICAL ORGANIZAllONfl 

One of the notable developments in statistical administration in the 
last six years is regional statistical organization, the furthest advanced 
and the most mature being the Inter American Statistical Institute, 
organized in 1940 as a result of conversations held at the Washington 
Session of the Eighth Scientific American Congress in that year. The 
Statistical Commission has recommended as a policy that regional 
statistical organizations be encouraged, largely as a result of the ex¬ 
ample which the Inter American Statistical Institute (called IASI) 
supplies. A brief account of the IASI may help to make clear what it 
is that the Statistical Commission sponsors by its approval. 

The Twenty-fifth Session of the International Statistical Institute 
was originally scheduled for Washington in 1939. Upon the outbreak 
of war in Europe, the session was first postponed a year and then 
indefinitely deferred. At the suggestion of American members of the 
International Statistical Institute, a statistical section was added to 
the program of the Eighth American Scientific Congress. Members of 
the International Statistical Institute from four American nations met 
during the Congress to organize the IASI, with the principal objective 
of encouraging the development of statistical science and administra¬ 
tion throughout the Western Hemisphere. In particular, its program 
was aimed at improving the methods used in the collection, tabula¬ 
tion, analysis, and publication of both official and unofficial statistics, 
and at obtaining a greater degree of international comparability in 
these statistics. 

In the ensuing six years, the IASI has gained the official membership 
of almost all of the American govemments, on whom it depends for 
support, and has come to play a very influential part in Western 
Hemisphere statistical affairs.^ Consideration is being given to a pro- 

* An illuBtration of UiIh influonce is tlio oxtont to wbloh IASI mombera liavQ been onllcd upon to 
BCrvo in vcinouB capo cities in tho United NnlionB. Of tho Bovonty-cight "constituent'* or professtonal 
members, tlirco were dcaiRnnlcd na IhclrgovcrnTncnta' rcprcBcr\tr^tivcs in tho firBt acssion of the cjgbtcon- 
mijmbcr Econoinia mid Boclnl Council of tho UN. Tbcao included thg GounoiTe Second Vico Prefliclcnt. 
Two otliorB, the InaliiuLo'B Prcuidcni and Eirat Vico Preaidont, ivcro appointed ub membcrB of tho nine 
member "nuclDus” BtatiBlical CommiaBioii and one of Llicso was cleolcclby the CommisRion ob Us Clinir^ 
man. Still another IASI member was recently designated by hlo Rovernmont aa tho AmbaBBudor of hia 
country, Mexico, to tho United Slates. RccommondationB of tlio Inatitutc's Executive CommUlcBj 
meeting in Rio do Janeiro in January 1010, hnvo already in numerous Instauecs been given poBitivo offeot 
by various American govornmonla. 
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posal to make the IASI the stntiBtical (inn of tfie Pan Amcirican Union, 
to make it, in short, an “operating" agency through which the collective 
atatiatical infcerostg of the Anierican govemnienla enn iio i in piemen ted. 
If these negotifttiona fulfill the promiKo they hear, the IASI will hc- 
comc the official sfcfttisticol instniment of the Inter American Syntem, 
created by the Act of Chapulteimc and tacitly recognized in CJhnptor 
VIII (on "Regional Arrangementa”) of the United Nations Olmrler.* 

Interest in regional statistical organization is numifest in <ilhor 
porta of tho world also. For instance, statistical leaders in India are 
exploring the possibility of creating a Bimilar organization for India 
and the adjoining QOimtrios. During the years of the war, Llm Middle 
East Statistical Bureau with headquarters in Cairo did nuich to foster 
and develop improved statistical activity in tho Middle Hast. In 
Europe, the Emergency Economic Commission for Europe Hketehed 
the outlines of European statistical organizalion. There i.s similar iii' 
tercat in regional statistical organizatioaa in East Africa juul South 
Africa. Except for the Inter American Stalislicnl Institute the move¬ 
ment for regional organization ig exploratory and tentative, with fifime 
reasoiisfor belief, however, that it will spread and accclornlc. The chief 
problems are geographic and organizational, the latter hc'ing tiuf more 
diflficnlt. In these respects, the ndministralivc prublpin tluvt confronts 
tho United Natioiia is (li/iei'ont from that involved in the stnliHlical 
activities of tlio specialized agencies, where the major problems of 
coordination are tlioso of subject matter compctcnnc mul jiirisdiidinn. 

Two principal questions are raised by regional statistical mganizn- 
tions: Wlmb should be their chief functions in n world slntisticut organi¬ 
zation; and what sliould be their relation to the United Nations on tho 
ono liand and to member countries on the otiicr? 

On tho first point, it may be said that much of the interest in tho 
furtlier devolopmont of regional statistical organization centers on the. 
benefit expected from the pcrfonuauce of various scvvicR functions, 
especially in the promotion of stalLsticnl ediicaliou and tlio facilitation 
of comniQU programs. Such service activities would nut con trail ict hut, 
indeed, would foster and develop the general stalislic/d nims of the 
United Natioius. Regional orgnnizatiuus so orhmlcd in purpnse nn«l pro¬ 
gram would fit into world statistical organization witliont di.*Jliannoiiy. 

This then evokes tho second jirineipal question riuwd by regional 

‘ Tilt) AtUoli) 02, Sociltvn 1 of h w fdllrfVrt; In llie 

tiraolucl«iA tUo ArrAnBumtsnifl nnoucliM* for ‘lAA^JnB iiitjr}i tiinuru) ryUtinli lo 

llio of (MernftUonM jVftjicn adi! pm nMrionriAin for rfsiniinl ArUim, 

UwL auQh or ana Uipir AcUvili^ ato cowlsleni m\\\i \\\9 rurimwa Auil PriiKiMw 

o(UicUii!(cU NaUona.* 
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fltafciatical organizations. iSome voice has been given to the view that the 
regional organizations might constitute an intermediate level between 
the United Nations and its affiliated specialized agencies and the mem¬ 
ber GountricB through which the international organizations would 
deal with member countries. There are forceful objections to this 
kind of arrangement. Excessive layers of authority between member 
nations and the central organs of the United Nations will tend to 
defeat that senao of participation in a world community which the 
United Nations Charter seeks to facilitate. It might happen that re^ 
gional statistical organizations endowed with formal **line” authority 
would tend to displace the member nations as the basic elements 
making up a new world order. The losses in such an arrangement would 
fall not only upon the member nations deprived of direct relation with, 
the central headquarters of the United Nations, but would prevent the 
latter from utilizing the full benefit of a strong central secretariat, the 
development of which would almost certainly be retarded if kept from 
direct contact with the principal producers of statistics—the member 
nations. The development and promotion of statistical education by 
the central statistical authorities would also tend to be handicapped if 
the latter had to function through intermediaries. Finally, the coverage 
of regional organizations is as yet confined to the Western Hemisphere* 
If regional statistical organizations were to be created universally to 
administer United Nations statistical programs, they would have to bo 
created for that purpose by the United Nations. The strength of the 
IASI lies in its spontaneous and uncontrived evolution, out of the felt 
needs of tho region it serves. Imposition of such an organization from 
above could create hazards of indifference or resistance which the 
United Nations cannot now afford, il indeed ever. The development of 
regional statistical organizations as service enterprises, however, rooted 
in the felt desires of the areas to be served, and devoted to statistical 
education in its many phases, promises interesting and significant de¬ 
velopments for statistical science and administration, 

PRIVATE INTERNATIONAL ORGANIZATIONS 

Article 71 of the United Nations Charter empowers the Economic 
and Social Council to make auitablo arrangements for consultation with 
non-governmental organizations on matters within its competence. Tho 
Statistical Commission in its capacity as adviser to the Economic and 
Social Council declared itself to be keenly aware of the important 
contributions to the improvement of world statistics which have been 
made by the International Statistical Institute and other organizations 
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in this field and expressed ita desire tliat recognition be accorded to 
their work. It hoped particularly that appropriate moans could be de- 
viaed to bring the International Stati.stical Institute into liarmoniouH 
and niiifcually advantageous relationship with the United Naliona. Ojic 
of the ways to do 00 would be to proceed under the authority of Article 
71 of the Charter, altlioiigli the Commission has deferred until a later 
time the formulation of recommendations as to Bpoeific midhofls by 
which such recognition might be c.vpresacd through llio United Ahiiifjns, 
and as to ways in which such orgnnimlions might he related to tiu; 
United Nations and their activities utilized in fostering interiutlionul 
cooperation in the improvement of statistics. The kniltinR of vnrioim 
private international statistical organizations into the world syslcm is, 
therefore, a concern of the United Nations. 

The Statistical Commission directed attention to the Institute (noine- 
timea called ISI) because it is one of the oldest HcicnlifK! orgiuiizalioiis 
and because of ita commanding reputation and influence in inlcrnn- 
tional statistical allaiis. The ISI n-s-somhled for its last worlil nonforcm.'e 
in Prague in September 1938 l)ut was forced by Llie immiiumt Nazi in¬ 
vasion to a])andon ihs mecling in a hastily called midnigliL |i;irl(*3', 
without doing any Imsincsa. Its last regular seasion was liclil tli(!r<‘for(^ u 
decade ago in Athens; since then there has Imen no new election of 
officers nor other official huflincss excej)t that conducted tlirough llm 
Permanent Office at the Hague. Even this was interrupted by the war 
and the occupation of the Netherlands, which disnipled eonununicn- 
tions with tfio outside world. Although the InKlttule. is privutcl}' organ¬ 
ized and administered, having come into e-xistcjtco ns the Hiicccs-Hur to 
the international statistical congresses initiated by llm Ilelgiuii (^im- 
tclet, it was and is supported in part by Hul)veiitioiis from Um principal 
governments of the world, including tim United fif.'itcH, Tim u.smd 
United States contribution was last ree<'i\’cd for llm fiscal year 1039 •• 
1040. During the war, the appropriation was omillwl from llm budget 
estimates of the Department of State, but it huu lunm restored in lll(^ 
estimates for fiscal year 1947. Plann and ariangeinenlH are. being made 
for tJie Twenty-fifth Session of the. Institute to be held in Wasliitigton 
September 13-25, 1047. Tbore is general ngrcemenl that Ibi.K hCH'^i())i 
will bo of the utmo.st iinporUince, nett only for Uu' InaliLub* but for llm 
development of international statistieid nctivilieH ovevywbere wUbin llm 
new world ortle.r. 'i'ho Inntiluto's own orgiuiiziilitm umst be lepuiied 
and revitalized after tlie attrition of len yearn, and its fiiliox* eniirHC 
must bo redrawn and redirected. 

In the CQursG of lime the Pennanont Olllcc lias tended to eoiicen- 
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trate its attention upon demographic problems and the suggestion has 
been made that the United Nations might use the Permanent OflBce of 
the Institute for whatever work in demography the United Nations 
may require. Consideration of this course, however, will have to take 
account of the plans being made to establish a Demographic Commis¬ 
sion within the strueture of the United Nations,® Even if these plans 
did not exist, it would probably be preferable if the collection and 
assembly of international statistical data were centralized in the 
formal institutions of the United Nations and its affiliated agencies. To 
separate and parcel out various subject matter fields of statistics would 
introduce an element of dispersion contrary to the synthesis which is 
forming around the United Nations. 

There are other and more feasible suggestions for the future role of 
the ISI in a world statistical order. Some members of the Statistical 
Commission have thought it might assume leadership in the develop¬ 
ment of world statistical systems. This is analogous to the activities 
of the Inter American Statistical Institute in the western hemisphere, 
which have proved very useful. The main techniques would presumably 
be those of advice, education, and promotion in statistically undeveloped 
areas of the world. Another proposal is that the Institute maintain a world 
statistical research center at the site of its Permanent Office, a place at 
which the frontiers of statistical research would be explored. Under this 
proposal, arrangements could be made to provide world statistical 
scholars with leaves of absence to serve as directors of research in resi¬ 
dence, for fixed terms. Such a role would provide the Permanent Office 
with a program of continuing responsibilities, shifting its activities 
from those of a casual and episodic type, to those permitting long range 
planning and development. Still another proposal for the Institute 
would utilize it as a '^supreme court^* of statistics, an international 
academy, to which various questions of professional competence would 
be referred for judgment and opinion by the United Nations and mem¬ 
ber nations, very much as the American Statistical Association is occa¬ 
sionally called upon by agencies of the United States Government to 
study and make recommendations upon statistical questions. Finally, 

® Tlio United Nntlona Prcparnlory Gommisaion rocomniondcd to tho Economio nnd Socinl CounoU 
llint tho Inltor bIiouIcI conaldor "Llio dcRimbiHiy of catnblialiing at an early dale, nnd possibly at Ita first 
acs^lon” three comrnlBslons of wMcIi ono was to be n Domogrnphio CommiBsion, Tho fuuclionB BUggoBted 
for tho proposed Dernogrnphio Commiaaion wero tliOBo of study and ncivico to tho Council on mat tors 
related Loi (1) population growth nnd tlio faotorB determining^ it; (2) tho ofTeotivoncsB of policies dcBigncd 
to influoncQ Lheso rnelors: (3) tho bearing of population cliangos on cconomlo and Gooial condilioiiH; 
and (4) general population nnd Iminlgration qiicBtionB. Tho matter was referred to tho Social Gommitteo 
of Iho EoonoTnia and Social Counoil (a drafting comiYiittco) which hna not yet mado iU rccommcnda- 
UonB. Soo "Report of tlio Preparatory CommiBsion of tho United Naliona/ 1046, pp. 28 , 38. 



AMBnrCAN STATIBTICAI/ ASSOCIATION 


290 

it haa been suggested that the Institute might perform eorviccB for tho 
improvement of the work and methods of the statislicnl frateniity mucli 
as the American Bor Association looks after the interests of the legal 
craft and seeks to improve its professional standing and praoticea. 

There may be varioiia other possibilities nnd tlie proposals made are 
hardly more than BUggestione of nltcrnativo lines of development Hint 
have been mentioned by those interested in the problem that eonfrcmls 
the Institute. Aa an indepenclcnt private group, the InBlituto will itself 
hove to decide upon the role it wants to follow in thefuture; the United 
Nations will nob dictate the course it takes. Tho United NalioiiB, 
however, would welcome tho affiliation of the Inslitiitc in sonic useful 
ond practicable permanent relationship; nnd there acorns to he ample 
room for a negotiation of terms satisfactory to lioth inslitutioiis. A 
meeting of the Statistical CoinmiBaion will be held at iiljout the same 
time aa the scheduled Twenty-fifth Session of the Institute in Wusliing- 
ton. By that time, specific proposals of agreement may Imvc been 
worked out for consideration by both the Commission nnd the Insti¬ 
tute, and it may then bo possible to efTcel an agreeable arrangement 
fixing tho Institute's permanent role and future relationsliip in tlio 
world statistical system. The extent to which other intcnintioiial sta¬ 
tistical organizations arc brought within the conspectus of the United 
Nations is a question upon which it is diflicult yet to make any judg¬ 
ment; but the doors of tho United Natione have been opened wide by 
the Statistical Commission. 

NATIONAL STATISTICAL SYSTEMS 

Action parallel to the formation of an international sUitislical system 
will bo required in many countries, to order arrangements in such a 
way that maximum participation in international statistical activities 
will result. In countries which arc statistically undeveloped, tho or¬ 
ganization of a basic national statistical system will bo nccoasnry, ])cr- 
haps with tho help and advice of tho statistical services of the United 
Nations, its organs, or affiliates. Even in statistically developed coun¬ 
tries, it will probably be necessary to dcsigiintc focal points for dealing 
with tho intornntioiial organizations. In countries whose BtaListical 
services are higldy centralized, the focal point ordinarily will bo the 
central statistienl bureau. In coimtrica with decentralized stalistieftl 
services, some focal point will have to bo organized. In tlio Uniteil 
States, tho statistical agencies operate under conditions of <lec<mlraU- 
zation; it will lie necessary therefore to crento a clearing bouse for 
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dealings with international statistical agencies and steps to do so are 
going forward. 

The first step was taken over a year ago when the conference of 
Federal statistical officials was called to consider the preparation of a 
statement of the need for international atatistical services for use by 
the United States delegation at the San Francisco Conference. More 
recently, further steps have been taken to make a permanent organiza¬ 
tion out of the conference. On March 21 of this year, the same group 
of ofiicials met at the invitation of the Division of Statiatical Standards 
of the Bureau of the Budget to organize themselves ns the Federal 
Committee on International Statistics. The membership of this com¬ 
mittee is drawn from the principal agencies having important inter¬ 
national statistical interests, including State, Treasury, Agriculture, 
Commerce, Labor, Export-Import Bank, Securities and Exchange 
Commiassion, United States Public Health Service, Office of Education, 
United States Maritime Commission, United States Tariff Commission, 
Federal Ueserve System, Social Security Board, and the Civil Aero¬ 
nautics Board. One of its first undertakings was the preparation of 
an inventory of international statistical activities carried on by the 
Federal Government, 

The chief concerns of the Federal Committee on International Statis¬ 
tics will be the clearance of demand and supply arrangements with 
international bodies for the receipt and supply of data; the coordina¬ 
tion of the international statistical requirements of the United States 
Government; the avoidance of duplication in the collection of Btatistics 
required by the United Nations, its organs and affiliates; and the clear¬ 
ance of intern arrangements and the loan of experts, Within the frame¬ 
work of coordination by the Committee, there will be every encourage¬ 
ment for direct contacts between the statistical technicians and spe¬ 
cialists in the United States and their colleagues in other parts of the 
world. Full utilization of the statistical resources of the United States 
will be fostered through direct dealings with international organiza¬ 
tions, with the knowledge and guidance of the Federal Committee on 
International Statistics, 

Three specific instances of the way in which the Federal Committee 
will operate can be cited. First, the recommendation of the Economic 
Employment Commission already mentioned will, if it is approved by 
the Economic and Social Council, require the assistance of aoveral 
Federal agencies in the collection or assembly of complete data on plant 
capacity and labor force, How should this assignment be distributed 
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omong the Federal statistical family? It would seem evidcii t that some 
central action may be necessary, and this action the Federal Committee 
would bo in a position to supply; although it woulil nob dictate the 
diatributioii, the distribution would be made with its nssistanco and 
certainly with its knowledge, St?cond, the inventory of Federal inters 
national statistical activities which is being made at the suggeHtion of 
the Federal Committee will lay the foumlution for tli(‘ dc.signation of 
focal points among the Federal agencies for dealing with cerUdn kinds 
of international statistical hiishic8.s. It will also make it [jossihlo to 
estimate tho amount, kind, and incidence of intornational sUiliHlical 
buaineaa and the rcsponsiliilitios which partieiiiation in the world of 
statistical ayetem imposes. Third, the Federal Committee will he avail- 
able as n starting and reporting point for mission.^ of United StiitcB 
officials abroad on statistical buHincs.s. In thi.s fashion, traveling ufllciaks 
will have tho benefit of the advice and counsel of tlie Federal statistical 
family, will be able to represent tho views of that group on proper oc(!a- 
fjions, and will be able to perform various kinds of service uhroiul of 
benefit to American statisticians, such as giilliiig in touch with lluwc 
whose activities and whereabouts are in doubt. 

Those, at least, are the plane. Tho agcncie.s of the United ISlatea 
Government havo a stake in the success of world .statistical organiza¬ 
tion. Although tho committee device is no sovereign cure for lln^ rinks 
of administrative dispersion and diduflion, the oigmilzation of the 
Federal Committee on International StaLiati(!.s may help the attain- 
meat of statistical unity in international iL(Tair,H hy iii’oinoting it at 
home. Because tho Commis.sion is sponsored hy the Division of Htatis- 
ticftl Standards of the United Statc.s Bureau of the Budget, its acliviLic.H 
become part of the general program for the coordination and improve¬ 
ment of Btatistics among nil Federal agencies, for which the Division has 
been made responsible. Under those nuBpiccH, the slatistii'al world 
abroad joins the statistical world at homo in common ])urpoHC and 
program. 



OBJECTIVES, USES AND TYPES OF LABOR FORCE DATA 
IN RELATION TO ECONOMIC POLICY* 


Lotrifl J. DuCOFF and MAnGAUBT J adman Hagood 
Bureau of Agricultural Economics 

Tho kinds of labor force statistics dovolopcd should bo do- 
terminod by tlioir uses. The full omploymont goal of national 
economic policy in the United States gives rise to tho need for 
labor force statistics which can serve as a barometer of tho 
state of functioning of the economy and which can identify 
tile Bectors of the Nation^a workers for whom the economy is 
not providing full employment opportunity. This treatment ia 
primarily of the implications of such objectives for the types of 
labor force data needed, although it ia recognized that labor 
force data have many other uses, 

Labor forco statistics include data obtained from employing 
Gstabliahments, rogistrationfl, and population surveys, with 
each typo having advantage for certain types of uses. Labor 
force data from population surveys need to be expanded to 
provide differentiated categories of tho unomployed and to 
identify those employed workers whose employment is inade¬ 
quate because it is insufficient in amount or ia remunerated at 
substandard rates. Tho development of these and further 
geographic differentiations would increase tho utility of labor 
forco data in relation to economic policy. 

T he uses to bo made of any statistical series have important impli^ 
cations for tho types and nature of data which should be obtained. 
The uses determine tho sources, concepts, differentiations, and fre- 
Cfuency of issuance of counts or estimates of various types of economic 
phenomena. BccauBO the labor market activity of persons of working 
age affects every sector of the economy, labor force statistics have a 
wide variety of uses. In determining the concepts and differentiations 
that underlie the labor force data currently obtained, many types of 
uses need to be taken into account. 

In this paper we will indicate some major objectives of labor force 
data and the ways in which different types of labor force data serve 
these objectives. We will then discuss underlying concepts and certain 
developments which need to occur to broaden the uses of labor force 
statistics. In covering these subjects, the full employment goal of na¬ 
tional economic policy in the United States will be singled out for spe¬ 
cial emphasis, although it should be recognized that the needed de- 

* This paper and tho papers by Qortrudo nmiorort and Emmett II. Wolob, and CliarlcH StoTvart 
and Ijoring Wood, which follow it imm'cdialoly, were planned as a unit and woro presonted nfc lha 
Bcssion on Labor Forco Moasurement and ^nlionnl Employmonb Polloy at Iho lOQtb Annual 
McaLing of tbo American Stotislical Association at Clovcland, Ohio, January 24, 1040, 
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velopmenfca in labor force Btatiatics arc not nt nil deponclont upon, the 
inauguration of any full omployment policioa. 

I. OBIEC'riVli& OE T.A,T10Il i’OIlCE, EMPLOYMENT AND UNEMPLOY¬ 
MENT DATA IN EELATION TO ECONOMIC POLICY 

A major objective of labor force Btuliaties ia to servo as n barometer 
which indicates currently the state of fimclioning of the economy ns this 
is mnnifcBtcd in levels of cnii>Ioymcnt and uiieniiiloymcnt of the Na¬ 
tion's workcia. Other types of Btatistica on production, income, etc., 
also indicate the general state of tho economy, but no other typo ro- 
fleots as directly tho chonges in work opportunitiea. Labor force sta¬ 
tistics are obviously required in planning or appraising general economic 
and labor policy, as well as specific jneasurcs designed to imiilemont 
such policy. In this function these statiatica servo not only govern inont 
agencies, but also management, labor, and various groups with diverse 
interests in economic and labor policy. 

Another objective of labor force sbaiisticB is to aid in diagnosing a 
given national economic situation through idcntiricalion of the seetora 
of tho Nation's workois for wlmm the economy ia not providing full 
employment opportunity. In times of less than full cmi»loymcnt, it is 
not enough to know simply tho total numher of uncinployed workers. 
To diagnose tho situation in order to appraise the «vcp« proposed for 
remedying it, much more detail is neoded. The location and clmraetor- 
iatica of tho wholly unemployed are nccdcdi as well as their nggrogato 
volume, Among those who have Bomo omployment, identification is 
needed of underemployed workers—that is, the partially uncmjiloycd. 
Tlioro ia alao the need to identify among the employed tliuse who are 
romuncrated at rates below some minimum level of adequacy implied 
in tlic goal or Btandard of “full employment opportunity." 

Changes in tho level of functioning of tho economy also should bo 
diagnosed according to tho industries which arc expanding or curtailing 
omploymciil. Employment statistics may bo viewed both ns a mcnaiiro 
of opportunities alTordcd workers, and as aniensurc of the state of func¬ 
tioning of various industrial sectors of the economy. Employment data 
by industries arc especially needed for the planning of spccifio policies 
and programs relating to parliculnr industricB. 

In tlio formulation or appraisal of economic policy labor forco sta¬ 
tistics sorvo another objective. They Hupidy tho most imiiorLiml iiari of 
tho quantitative basis for making labor forco projeclious into tho fu¬ 
ture, under various assumptions ns to tiio state of functioning of the 
economy. The projections made under tho assumption of full employ¬ 
ment liavo espeoifll usofulaesa. On tho one hand, they can provide a 
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more explicit formulation of what the goal of peacetime full employ¬ 
ment would mean in terms of number of jobs to be provided. On the 
other hand, full employment projeotions can serve as a standard against 
which a given current national economic situation can he diagnostically 
appraised, 

In summary, therefore, labor force data must be designed to indicate 
the state of functioning of the economy in providing employment op¬ 
portunities, to identify and measure the groups of workers for whom 
full employment has not been obtained, and to help formulate national 
employment goals. 

ir. TYPES OP LABOR FORGE, EMPLOYMENT AND UNEMPLOYMENT DATA 
REQUIRED FOR VARIOUS USES 

Sources of employmeni and unemployment data. The term “labor force 
data” in a broad sense includes all types of data, however derived, on 
employment and unemployment or the total labor force. In technical 
usage, the term “labor force data” is restricted to data from only one 
of the three principal sources of data on employment and unemploy¬ 
ment. In this narrower sense, statistics developed from classification 
of the population of working age according to their current labor mar¬ 
ket status are designated as “labor force statistics,” or sometimes as 
population classification statistics. Determination of the current labor 
market status of individuals provides the basis for estimates or counts 
of the total labor force, its employed and unemployed components, and 
of major categories of the remaining nonworkor population. Labor force 
statistics of this type were obtained in the 1940 Population Census for 
the entire population of working age, and have been collected on a sam¬ 
ple basis since then in surveys known as the Monthly Report on the 
Labor Force, initiated by WPA under the direction of Howard B. 
Myers, and transferred to the Bureau of the Census in 1942. 

A second source of current employment data is the reports of estab¬ 
lishments employing workers. Reports may be made on a voluntary 
basis, as in the case of nonagricultural establishments which report 
the number of their employees to the Bureau of Labor Statistics, and of 
farmers known as crop reporters who report their farm employment to 
the Bureau of Agricultural Economics. Reports may be legally required 
from establishments meeting certain criteria, as in the case of reporting 
required from employers in the administration of Old Age and Survivor's 
Insurance and Unemployment Compensation programs,^ The biennial 
Censuses of Business and of Manufactures which were interrupted 

^ Tho ImpoTtMico of lha dlfToronoo botw^con voluntary and legally required reporLlng reals on bha 
faob tba t the former 1b aubjeob to rcaponso bins wbilo tho latter 1b not. 
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during the -wav also obtained employment data through reports from 
employers. Employment data secured in thcRO ways arc known as es¬ 
tablishment reports ns distinguished from the type of omidoyincut 
data obtained from population classification in labor forec surveys. 

In addition to population surveys, another Hourco of uiioin])loyjnent 
data is the registration of individuals who file claims for unemployment 
compensation ot local offices of eacli Slate’s Unemployment Cuinpen- 
sation Agency, Compilation of tlicso registrations ])crmitH a national 
total for workers who arc claiming these hcnclits. 

Uses served by the various types. Each of those three types of data 
can servo imjiortant uses. Labor force data derived from poindalion 
surveys have the following advantages which make thorn superior for 
certain uses. 

1. They provide the only source for estimates of the total labor force, 
for total employment and for total unoinploymeiit, without dupli¬ 
cation between industries witliiii the employed group, or between 
the employed and unemployed clnasificnlion. TIuis for n curiont 
orosB-.<iioction view of ulilizniion of tlio Nation’s niiui)iowor, or 
for the record of clmngo in the total labor force an<l its com¬ 
ponents, labor force data derived from population surveys pro¬ 
vide the only complete picture. For these uses, it is ossonliul tliat 
the estimates of the varioufl compoucutH of the labor force ho 
additive. 

2. They provide the only source for deriving labor force participa¬ 
tion rates—that is, the proportion of each age-sex group who are 
engaged in labor market activity. Iiabor force parliciirution rates 
aro used in current analyses and arc Iho nlarling point in any full- 
employment projection for obtaining estimate,s of the mimlwr of 
workers for whom joba must bo provided at some givmi future 
date. Labor force statistics obtained from a population classifica¬ 
tion arc tliDrofore G.sscntial for the setting of full-cmploynient goals. 

3. Labor force data provide the possibility of subclassificaLions 
within the employed, unemployed and nonworker categories 
wliicli can usunlly be made only when ilic report is ohlninetl on lui 
individual basis rather than from nn employer rciiorling for a 
group of workers. Some of llic important iloins now .sitcimKl for 
further di/Tcrontintion arc age, sex, vcleriiuH' status, industry, oc¬ 
cupation and time worked during the rt'.porliug week. Olhev items 
arc proposed later for further differcntiiitioii c»f tin; employed mid 
unemployed which would enhance the dingnoslic runclion of thuso 
statistics, 

On the other hand, establishment reported stnlistics on employment 
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have certain advantages over those derived from population surveys, 
which make them superior for certain uses. 

1. Because they are obtained for relatively large groups of workers 
in any one report and usually by mail, establishment reported sta¬ 
tistics are less expensive than those obtained from population 
enumeration. Hence, they can be obtained for finer geographic 
and industrial breaks without incurring prohibitive costs. Al¬ 
though current employment estimates for regions, larger states 
and the more important metropolitan areas could be obtained 
through the expansion of current labor force surveys proposed by 
the Bureau of the Census, establishment-reported statistics on 
employment are now the only type available in some geographic 
detail, except where surveys have been conducted for individual 
cities. In general, therefore, analyses of current employment re¬ 
quiring geographic detail now necessarily have to be based on 
establishment-reported data, 

2. Establishment-reported data provide superior industrial classifi¬ 
cations of the employed because: (a) the reports on employment 
are accompanied by other information which permits an accurate 
classification of the establishment by standard industry group¬ 
ings, (b) the system of collection is by industry which makes for 
better representation of industries than in the case of population 
surveys in which other criteria are the major basis of stratifica¬ 
tion, (c) because of the first major advantage mentioned, namely 
inexpensiveness, the separate industries are more adequately 
covered than in population surveys. Therefore, establishment re¬ 
ported statistics have definite advantages in employment analyses 
for specific industries. 

3. Establishments reporting employment data can and often do sup¬ 
ply related information on production, man-hours worked, and 
wages which permit productivity and wage analyses by indus¬ 
tries.^ Although data on wage earnings have been occasionally 
secured in population surveys, those reported by employers are 
doubtless more accurate generally, since their payrolls are a mat¬ 
ter of record. However, they have limitations for certain purposes 
since they do not represent total earnings of individual workers in 
many cases. 

The unemployment data derived from registration of claims for un¬ 
employment compensation have present and potential uses, At present, 


> Mnu-hours (lain (or n given industry ne ri^portcdby cBtnbllBlimonta aro moro aociirnto baonuao lu 
population Burvoya tho total timo worked during tlio reporting period by individuab who bold moro 
than one job ia all allotted to tho oiio industry in will oh greater lime was worked. 
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their iieefillness is limited bccftiiso not all types of cmjiloyment arc cov¬ 
ered by the legislation, beenueo Slates vary in their reciuiiementa for 
eligibility, and because compilations at tlic national level arc tlici efoio 
somewhat noncomparable and difficult to interpret. On the other hand, 
if thcao difficuHieg wore overcome, there would become available unem¬ 
ployment data with a very considcrnblo amount of geographic detail. 

Rcfei'enco is made in the last paper on this progriiui’* to specific 
examples of tho uses of ijopulatioii and c.stablislimniit rejiurtcd Htiitis- 
tics. The remainder of tliis paper is devoted to eonsiderutimi of wliat 
the uses of labor force statistics in relation to economic iiolicy inijily 
for the concepts and clftssiflcntions to be used in labor force surveys 
involving population clnasificaiion. 

111. IMPLICATIONB OF UBES FOU BASIC COKCEl'TB IM 
1.AD011 FoncB annvjBYB 

One implication of tlic uses of employment, unoinployinciit and labor 
force data in relation to economic policy is that the basic concepts must 
be designed for reflecting changes in the national cinployniciiL scene. 
This means that the conccpla of omploynioiit and UTicinpIoyniont miml 
relate to a relatively short time jicriud and that Die meusuromont iiroc- 
CS.S must be made at frequent intervals. Both the lO-iO Popiihition C'en- 
Bus and tho MRLF surveys afford labor force statistics geared to ac¬ 
tivity or status during a specified current week. Tho uso of labor force 
statistics to indicate short-time as well a.s long-time changes rcipiires 
that tho basic concepts of employment and uncmployincnl Hhould re¬ 
late to a specified short-time period rather than to a “usual" sliilus, 
such as in the “gainful worker" figures of tho decennial ccnKiises prior 
to 1940.’ It is recognized, however, that for certain puri)o.sc.H, classifica¬ 
tions based on longer time periods may bo preferable, or at least dc.sii'a- 
blo for supplementation. 

Another implication of the uses of labor foi cc data for the concepts i.s 
that they must provide for a clossification of all persons of working nge 
into labor force status groups which arc mutually exclusive, so that llio. 
resulting estimates will be additive. This requires carefully Kpccified 
priorities of status for those persons who have dual stiilun during the re¬ 
porting week, Tho priorities of atatua in curreut labor force uieniiiuc- 
merit avo! (1) at work, (2) unemployed, (3) with u, job but not at work, 
and (4) noiiworker statim. Those at work and those ^vil!l a job but not 

* Beo pfiso313. 

»flltiw iho monUtly IrIwe torce fttisvcyA ni Uw Butqam ol tlio C!m\in mo ihft oj\ly tvf rurri'nl 

rmllonftl ulnllnllcM dorivod /ron Inbgr fon?o clnaalllcAtlon o^ InUivfdualii, llio rent of lliln ijain't rrfcTfi 
pHmprlly to llto |i\bor force ptnllBiicii dovolopod froin the MliZ^Kstirvcyiif Hoivcvi'r, rnnny of iliv lonl- 
teTft (liE&uB9Dd RfQ BRttQrio lo apy Inbor fotco BlAllnlfu, Rit'VborDd for a rily or iKimo other urcRi 

aa well na for tho (X>UDtry fw a wfioloj And wholUor sAihorod mobthlyt yoorly, or in a ono-llino nurvey* 
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at work are added to get tiie total employed. In dual status cases, the 
person is classified in the category with higher priority. For example, 
persons who were at work for some part of the week, but unemployed 
and seeking work during an even larger part of the week are classified as 
employed. If a person spent most of the week in a nonworker status 
such as doing housework at home or going to school, but did gainful 
work during some part of the week, he or she is also classified as em¬ 
ployed, A person whose major time is spent in some nonworker activity, 
or a person who has a job at which he did not work but who reported 
looking for work during the week is classified as unemployed. 

The uses of labor force data reciuired that some set of priorities be 
adopted which could be precisely defined and put into effect with a fair 
degree of uniformity. They require further that borderline groups be 
expressly allotted to one status or another bq that they too will be 
treated uniformly. Consideration is being given to the possibility of 
changing the allocation of certain borderline groups. Certain groups of 
workers now classified as "with a job but not at work” are being con- 
fiidered for inclusion among the "unemployed,^* which has a higher pri¬ 
ority. Persons on lay-offs of less than 30 days and certain other nu¬ 
merically small groups who did not report looking for work have been 
classified as "with a job" and included among the employed. Because 
they were "involuntarily idle,” however, consideration is being given 
to including them with the unemployed. On the other hand, persons 
without a job who report that they were not looking for work because 
of temporary sickness or because they believed no work available are 
classified as unemi:>loyed, although the case could be made that some 
of these should be treated as nonwovkers. 

To reflect accurately changes in employment and unemployment, the 
criteria must be adapted to distinguish the employed, the unemployed 
and nonworkers in periods of varying economic conditions. Because 
different national situations call forth different types and degrees of 
labor market activity on the part of individuals, the general principle 
observed in the development of labor force concepts has been toward 
making the "in labor force” category as inclusive as possible. This calls 
for introducing further differentiations according to the degree of par¬ 
ticipation so as to permit measuring changes for comparable groups. 

IV. IMPLICATIONS OF UBEB FOR DIFFERENTIATIONS WITHIN 
THE EMPLOYED AND UNEMPLOYED COMPONENTS OF 
THE LADOn FORCE 

The barometric, diagnostic, and projection uses of labor force sta¬ 
tistics have gained importance as the idea of full employment became 
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mnvc victcly accepted as a goal for iho Natiou’n pcacciLimc economy. 
Moigovol*, the growtli of Ihn iclofi of full employment luiH meant that 
further differoutiation.s of the enijJuyed aud unoiiij)Joyed aro required 
to Bcrve tlic uses dcacribcd- 

Tlio virluul elimination of uncmpluymenb during waiLimc raibccl Lhe 
chailergo to eliminate all but frictioimL \nicmpk)yinonl in peacetimo, 
and ^^fulL cniploynioiit*' was defined as u Hilunlion with uneuiployiueut 
at a minimum or fricliimal level But this naturully led to a complex 
mentary definition in terms of tlio Junnber of jobs needed to keep un- 
employmont to tho specified minimum level. Ihojeelint^ Llie number of 
jobs required for full cniploymout rests primarily on ])roiocting the 
number of peraouB who will be iu the labor force- Such proicetions take 
aa a starting point the past record of labor force parLicipalion of the 
different iigc-sex groups of the population mnlvs varyiiijR oeoiioinic con¬ 
ditions. Tims difforeiitiationH of labor force statistLos by ago, sox, 
marital status, etc., are needed as a primary basis for Urn labor force 
projections wliich make explicit wluit full omployment goals mean iu 
terms of the luunbcr of workers to be supplied with jtilm* 

The growth of iho idea of peacetime full employniciit did not atop 
with the mere speeifloat ion of a suflicient number of jobs* More rc- 
ccntlyj various writers and groupa have added crit-criu as to Ihofctac/j 
of jobs consistent with llic idea of full empW^ynuuit. Ihdl employment 
as a goal mcana, at least for aomo, a sullieienb number of i)votluclivo 
jobs, adequate in the regularity and auiauiit of work affordtifl, and pro¬ 
viding adequate romunci’ation. 

Such an expanded goal seta new problemH iu d(derjinnii)g niul de¬ 
veloping tho difforoniiationH witluii tho mnployod and umunpluyGd 
which would best eervo the function of indicating lhe f*xtoni and na¬ 
ture of dcptiiUno from the goal which a giY<*u i\ul5oiuil <uuployu\cut 
fiituation represents. Tho problems of full OJuploynuMit pitijoclions also 
require certain t^^pcs of labor force data wldoli have not been i>rcviausly 
available. Many of tlic needs could bo mot by furlluT eliussificaiioiis 
of the employed and unemployed according to data now l>eing obtained. 
Other needs would requivc additional information which could bo ob¬ 
tained in current labor force i^urvoya, purliculavly if tlio aizo of the 
sample woro somewhat increased. 

Perhaps tlio most important additional differontialion needed in cur¬ 
rent labor force stalisticH is gcograjdiie. J’jHpceiully if lalujr forcij Hlatis- 
tics are to servo R diagnostic function, ihoy iminL imli<uilo whore tho 
timiblo spots are. Complete geographic idcutificaliou of U\o iuilividuals 
covered by the MIILF eurvoys i« already abtaiued on the Hclicdulo. 
But an expansion of tho scope of tho survey operations would bo re¬ 
quired to provide samples largo oiiougli to permit valicl estimates of 
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current employment and unemployment for regions, by residence 
groups of the population, for metropolitan cities, and for States. 

DifferGniiations needed among the employed. The most important need 
for additional differentiation among the employed is to separate those 
workers whose employment is sufficient and remunerative from those 
whose employment fails to meet these criteria. In a fuller treatment of 
this problem, we have for want of accepted terminology referred to the 
first group as “adequately employed^* and to the second group as “in¬ 
adequately employed. Measurement of the inadequately employed 
may be as important as measurement of the unemployed for indicating 
the degree to which a given national situation falls short of meeting full 
employment goals. 

Measurement of the inadequately employed would involve the de¬ 
velopment of labor force survey techniques for identifying among the 
employed: (a) those who do not have a sufficient amount of work, the 
underemployed, and (b) those who get substandard returns per hour 
of work because of its low productivity (mainly self-employed or un¬ 
paid family workers) or because they are working for substandard 
wages, In appraising the state of functioning of the economy at any 
given time, the size of these two groups as well as the number of wholly 
unemployed needs to be known to indicate the total number of workers 
for whom full employment has not been attained. In times of depressed 
economic conditions especially, the presence of large numbers of under¬ 
employed among those classified as employed would need to be recog¬ 
nized and estimated separately from the voluntarily part-time workem. 
Even more continuously, in times of high as well as low employment 
levels, is there need for measuring the number of workers who have a 
sufficient amount of work but who are inadequately remunerated. Es¬ 
pecially as the nation approaches peacetime full employment goals in 
terms of number of jobs will attention need to be directed toward pro¬ 
viding employment data which identify the groups of workers whose 
jobs or enterprises do not meet minimum standards of adequacy. 

Differentiaiions needed among the unemployed. During the past, the 
total number of unemployed persons has been relied upon as an im¬ 
portant indicator of the state of functioning of the economy. In the 
present transition period from war to peace unemployment may be 
of relatively short duration for most of the workers involved. A sub¬ 
stantial proportion of the unemployed may be extra workers who 
came into the labor force in response to the economic situation brought 
about by war and who are in a state of indecision aa to whether to 

*• "Lnbor Forco DoIlnitiouB nnd Monauroniont. in Rolntiork io Employment and Inoomo Lovols,” 
pruliiiiiiiiiry draft uf a rtjiiort prepared for the Subcominiitoo on Labor SLaLifiLioa of Iho Labor Market 
Roscaroli CommllLce of Iho Social Scionco Rcsoaroh Council, Novombor 1045. 
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contiiiuo gainful work or to willidraw from tlic labor force, A foiv 
yeaie later, the total number of unemployed workers may bo of a 
very different composition. To interpret the meaning of a given na¬ 
tional level of unemployment, it will be necessary to differentiate 
the total according to the degree of the worker's otlachmont to the 
labor force and diiiation of unemployment, in addition to certain sub- 
classiflcationB sucli os ago, sox, marital status, rcsidcuco and occii* 
pational skills. 

TJio following four cIobsos of the unemployed arc suggested as the 
typos of differentiations needed in using unemployment data in diag' 
nosing a given national employment aitimtion; 

1. Unemployed pomons who arc cuBtoinarily mcinbora of the labor 
force and who are seeking full-time iobs; 

2. Unemployed persona wlio are cuatoraarily members of the labor 
force but who are Becking only part-time employment; 

3. Unemployed persona who have never had jobs but who ate Book¬ 
ing to enter the labor force on a permanent bnaia; 

4. Unemployed poraoiia who have not customarily been in the labor 
force and who are seeking only temporary work bccaueo of some 
apocial need or because of unomploymcnt of other brendwinnerB. 

In addition to these classes, certain groups of tho unemployed not 
readily iclcnkifiablo need especial study, Tlmse include persons who 
would like to havo rcgiilor work but who because of age, lack of occu¬ 
pational skill, physical or mental handioaiM or discriminatory labor 
practices are considered unemployable. 

Problems in oblainhig diffcrcnlialions needed. Soino of the information 
which would bo required for obtaining tho differentiations needed of 
tlic employed and unemployed is already being obtained in tho current 
MRI/F surveys, but the size of tho sample does not permit full utiliza¬ 
tion of it in cross-classidcations. Obtaining otlier information would 
Toquirc special questions to bo added to tho schedule. Some of the 
questions would involve types of information differing from tlio typo 
now obtained with respect to subject, for exanrpio, wages received dur¬ 
ing week—or with respect to time reference, for insliiiice, major work 
Btotus during last 12 months. While tho data olitainod should bo as 
objective as possible, some questions of a more subjective nature than 
those noAV used miglit bo required for identifying certain groups—for 
oxainplo, ft question on desire for more work to identify tho under¬ 
employed. Devising of schedule and survey tcchniquos for achieving 
these differentiations poses challenging problems in tho field of labor 
force mcaauromont. Tho next paper will deal witlv some of thoao mcas- 
uremont problems. 



RECENT EXPERIENCE WITH PROBLEMS OF 
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Diftercnfc usea for labor forco data of ton require different 
concQpta iind definitions which arc bo mo times clifTiGult to roc- 
oncile. It is important to develop, as a part of mcaauromont, 
procedures that will provide data wliich are siiitable for the 
various uses and also comparable over time. The experience 
of the Censua Bureau in the operation of its monthly sample 
survey during the laat few years lins revealed many of the 
problems attendant upon, putting into actual practioo the 
agreed upon concepts. 

In a recurring enumeration of a sample of households, ques- 
tioiia on which clnasifications are based must bo such that they 
can be asked repeatedly. They must be simple and objective 
and not place too great a strain on the rcapondont's memory. 
Tim basic clnssi Heat ions finally sot up must be large enougli 
to bo determined fairly reliable by the sample. 

T he PBECEDiNG paper outlined some of the uses and purposes to be 
served by labor force data and indicated additional concepts and 
classifications of data needed. Recent experience in measuring and 
classifying Lhc population in accordance with present labor force con^ 
cepia indicates a number of problems that would have to be dealt with 
in expanding the pattern of concepts and classificationB used. The first 
difficulty in obtaining adequate labor force measurementa is to reach 
agreement on concepts and definitions of what is to be measured, Often 
different uses require different concepts and definitions. For example^ 
if one is using unemployment figures to represent available labor sup¬ 
ply, persons with a job but not working and not looking for work would 
not be included among the unemployed, On the other hand, if one is 
using unemployment figures to represent the intermption or lack of 
earnings, it might seem desirable to add to the unemployed those with 
a job but temporarily not working because of lay-off, strike, bad 
weather, etc. Present labor force measurements classify separately 
persons having jobs but not working for various reasons. It has been 
suggested that such persons might be classified as unemployed at one 
time and as employed at another, depending upon the purposes to be 
served by the data. This immediately introduces a second difficulty, 
namely, that it is not practicahlc to have two different uncmploj^- 
ment seiica. A possible solution is not to have one unemployment 
series at all but to have a scries representing persons looking for 
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work, another serica representing persons witli a job and not looking 
for work, etc. This solution would not please those persona who wish 
to have some simple, generally nccoptctl term Bucli as iineinployment. 
The practice which has been followed up to the present and one which 
wc personally believe may be found reasonably siitisfoctory for the 
future is to define unemployment in such a way as to be most giinerully 
ueeful and then to provide subclaftsiricttlions of employment and uu- 
einployinent that will enable other groupings to be prepared for spe¬ 
cial purposes. This approach seemfl desirable for another renson. It pro¬ 
vides some flexibility in concept while providing continuity and com¬ 
parability over time. 

After a set of concepts and definitions acceptable to tlio users of tlio 
data has been obtained, another and more serious clinicvrity is to insure 
that the concepts and definitions tliat are agreed on arc actually trans¬ 
lated into mcaauroment. The concept of employment in current use, 
for example, includes all persona engaged in aoino activity for pay or 
profit. This includes persons working for wages or diilary, employers, 
own account workers, and persona working on a family farm or iu a 
family business. It includes persons working long hours, tIio.se working 
short hours, and those with a job iit whicli they arc not currently 
working becauBG of vacation, illness, bad weather, strike, or temporary 
lay-off. 

Many persons have preconceived ideas of employment or unemploy¬ 
ment which differ considerably from the ctmccpla and definitions in 
terns of which meaBuremonts arc being sought. Tlie problem of oiitain- 
ingan accurate measurement of labor force concepts by means of popu¬ 
lation enumeration and clasailicalion is to devise schcdulo quouCionB and 
dofinitiona wbicli will insure tliat persona arc cliiasified in accordunco 
with the desired concepts and dofmilions rather than in accordance 
with the respondent’a ideas as to labor force classification. 

It is to bo expected that there will always be a considciablc variatiou 
of Tcaponso in the labor force clasaificalioii of individuals, arising from 
difference in enumerator and difference in respondent. Tlicsc variations 
in response become sGrioua if groups of persona with certain clmrnc- 
tcriatics tend to bo persistently misclassificd according to the concepts 
and definitions being applied. The experience wc have hail in incaBUring 
employment provides a rather striking iUustratvon of this problem. 

Since its inception, the Monthly Ileport on the Ijibor I'orce has at¬ 
tempted to achieve objective mcnsurcmniit of employment in Icrnis of 
all persons who, during the cctisus week, did any work for pay or profit, 
inoluding those who worked on a family farm or buflinoss witliout 
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specific wages, During the past 
has accumulated to indicate that 
the 1940 Census of Population and in the Monthly Report on the 
Labor Force^ or the MRLF, had been incomplete because of: firsts 
a failure to include as employed a considerable number of persons such 
as houBewives and students who did not consider themselves primarily 
as workers and second, a failure to include large numbers of unpaid 
family workers. 

Under-enumeration of employment by the 1940 Census of Population 
and by the MRLF is indicated by a comparison of employment figures 
obtained in the Census of Population and in the MRLF with those ob¬ 
tained through establishment reports by the Census of Agriculture, 
the Bureau of Labor Statistics, the Bureau of Agricultural Economics 
and the Social Security Board. Estimates of employment based on es¬ 
tablishment reports would always bo expected to exceed estimates 
based on population enumeration because individuals working in more 
than one establishment during a reporting period are counted more 
than once. However, the extent to which the employment estimates 
based on establishment reports have exceeded the estimates based on 
population enumeration has been greater than the expected duplication 
in eBtabliahment reports. 

Enumeration experience also indicated that an incomplete employ¬ 
ment count was being obtained. In March, 1942 each person who was 
neither working nor looking for work waa asked if he could take a 
full-time job if one became available within 30 days. This inquiry 
so influenced the responses to the regular labor force questions that 
the estimated level of employment increased by almost a million, and 
the number of persons classified as housewives and Btiidenta decreased 
by a corresponding amount. In the following months when the MRLF 
interviews were conducted as usual this increase in the civilian labor 
force vanished, In November, 1942 a second inquiry was made into the 
available labor reserve with similar results. 

Repeated evidence of this type, even after careful training of enumer¬ 
ators in handling supplemental questions, suggested that the additional 
questions did not distort the MRLF results, but rather that they par¬ 
tially Gorieeted for a consistent under-enumeration of employment. 
As a result of those experiences, it was decided to make a more system¬ 
atic investigation of the nature and extent of the under-enumeration 
of employment which was occurring. 

The evidence at hand suggested that the question, “Was this per¬ 
son at work at a private or government job Inst week?” does not ob- 


several yea®^cj[;g^|dm'a]^l|^viae 
the enumeration of employment in 
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tain a poaitive rcaponse for Home employed persons wlio <!()nHiiler tiiom- 
selvca to be not workers but housewives or shidezils. Evidejiee available 
also indicated that a large proportion of unpaid family workers were 
not counted as employed because the wording on llu> sphedulo sug¬ 
gests paid employment. In addition, tiui c.selusion of iiieidcntal chore.H 
from the definition of unpaid family work opzwnled to exeliido some 
peraons working aubsLautiul ttmouuls of time. 

Various cliecks indicntol that lliens was lilUe ii nib trinity from 
enumerator to enumerator or from mpondent to resjuindent in what 
is considered to be incidental chores. It appeartid lliat more consistent 
and reliable rcaulla would probably be piHKluced by including chm'ca 
as unpaid family work and then eliminating from the count of unpaid 
family workers those working fewer than n Rpvcifved iminbcr of hours. 
(It is necessary to attempt some exchiHion of iiK'idcntid clioros from 
unpaid family work; otlici'wiso an employment count among persona 
living on farms or oporalijig family Ini.siness ftpJ)l‘oa(■lu^^ a count of 
the population of working nge.) 

In the fall of 19d‘I, the Ceusufl stalT began develojiing and testing a 
revision of the MllLF schedule with a view to acliievlng a more neur]3f 
coinploto count of nit einploj-cd imrsons. By January 10*1.'), wc lind a 
revised schedule aiul deniiilions wliicli sought to (‘orreel the diflicidlica 
in the old schedule as follows: 

The fiiet question on the new schedule merely a.sk.s wlmt tlio iiemon’s 
major activity was during the census week. Most people t<>n(l to tliiiik 
of tlieinsclvca ns engaged primarily in Koiue. one activity, working, 
keeping house, going to .school, etc., even though thej' nia.v also ho 
engaged in various otiior purmiits. The ciuimciator using the new 
schedule accepts the rcspoiKlent's sUtiumsil of liis major aclivily, 
knowing that some pcrsoim in llie labor force will iioLreiiorL lliein.selves 
aa workers at this point in the interview. Then for all pensonH who.se 
major activity or statua is iiulicattid ns something other Iban working, 
the enumerator asic.s whether, in addition to his stated major activity, 
the person being cmimcratc<i did any work for pay or iiro/it during 
the censua week. It is at this point that the parVtime work of the, house¬ 
wife or student is naturnllj’' reported. Note lhat tlie old schedule at¬ 
tempted to obtain a cmnplnte count of pin-HouH nl work by imldng Uw. 
einglo question, “Wna this person at work on u private or govorniiieiit 
job last week?" The new sr.hedule, on the other Iminl, usi'S two ques¬ 
tions. The first cnnbloH the respondent to give his own chiHsificalion of 
activity status luul the socoiul asks siicciricidly whellun" or not jicrsons 
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whose major activity is considered to be something other than work¬ 
ing, did any work during the census week. Many persons were sur¬ 
prised at the effect that this change in the method of obtaining a count 
of employment had upon the number of persons reported to be work¬ 
ing. The question on the old schledule appeared to be quite definite 
in its meaning. Actually, as we have seen, it did not mean the same 
thing to different people. 

The new schedule definition of unpaid family work includes inci¬ 
dental chores, As a substitute for the exclusion of incidental chores in 
the old definition, persons working less than 15 hours per week at un¬ 
paid family work arc excluded in the tabulation process from tlie count 
of those at work. 

The new schedule was pretested in April, 1945, in all MRLF sample 
areas throughout the country. The pretest was based on a sample of 
approximately 2,000 households selected at random from the total 
MRLF sample. The sample households were enumerated with the 
old schedule as a part of the regular April enumeration. The following 
week the sample households were enumerated a second time, using the 
new schedule. The information recorded on the new schedule applied 
to the same census week as the old schedule. The employment status 
information from the old schedule together with the information from 
the new schedule was transcribed to punch cards and tabulated so 
as to provide a direct comparison of the employment status informa¬ 
tion obtained by use of the two schedules. The tabulations indicated 
that the new schedule would increase the count of males employed by 
900,000 and of females employed by 1,600^000. The count of nncm- 
ployed among males was reduced by a little over 100,000 and was in¬ 
creased among females by about an equal amount. Over 90% of the 
additional male workers were under 20 years of age, most of them stu¬ 
dents. Among females, on the other hand, the additional workers were 
distributed among all age groups and most of them were previously 
classified as housewives. Of the additional workers found in non- 
agriciiltural industries over 50% were in trade and service activities, 
which are the fields of employment in which parl^time work by 
housewives and students is most prevalent. While many of the ad¬ 
ditional workers worked only iDart time, the entire group could not 
bo characterized as part-time workers. Nearly 50% of tlic additional 
workers worked 35 or more liours during the census week. 

About one in ten of those classified as employed on the basis of the 
new schedule reported some other activity, such ns home housework 



AMEIHCAN STATIBTICAI. ABflOCIATlON 


308 

or going to Bchool, ns their major activity. The old MRLF Bchcdulc 
recorded only about onc-balf of tlicsn persons as working and the 
otlier half as not working. 

On tho baaia of the pretest reanlta, it was decided to adopt the new 
Bcliedulo beginning in July 104.5. In that month the entire sainplo was 
interviewed first with the old sclicdiilc and tlien u ith tlin now schedule 
to obtain a complete check of the dilterence in rcHultB ohUiined with 
the new ns compared witli tlic old sclicdulc, 

In July the differciicca in response obtained on tho now schedulo 
as compared with the old were similar to the difforenecs obtained in tlie 
April pretest. Tho magnitudes, howeverj were somcwhnt dilTcreut. 
In July the now schedule showed an increase of 1,400,000 in employ¬ 
ment as compared with 2,500,000 in the April protest. In large part 
the difference between the April and July results arose from tlic fact 
that in April scliool was in session and a largo mmiher of employed 
students wore misclaasificd with the old schedule. In July, wlion 
schools were not in session, this occasion for misclaasiricnlion did not 
exist. The April protest also indicated a Bomnwhat larger number of 
misclasslfied housewives than did the July double cnuinoration. Tliia 
may have been due to tho fact that some ominuiratoiH discovered 
during the period of discussion of the now sclicdulc and the April 
protest that the old schedule was obtaining an undcr-eoiiut of employ¬ 
ment and they, therefore, adopted interviewing tcclmiqiiCH that in 
part compensated for tho undor-enumoration of cmiiloymcnl oblaiiicd 
with tho old BchccUile. To reduce tlio extent of disriijilion of Ihc MHLF 
series prior to tho adoption of the new schedule, Kupervisois were 
instructed not to diecuBS tho now schedule nor tlin reasons for its 
adoption with the enumerators; the April pretest was con dueled with 
a small number of enumerators; and lUoso who pnvlicijiatcd In the 
pretest were instructed not to discuss Die results with other cmimer- 
ators. 

As wo reported earlier, there is ovidenco indicating that under¬ 
reporting of employment existed in tlio 1040 Census of Population ns 
well ns in the MULT' and in other population oiiunieriitionH wliicli use 
tho same, typo of riucstious to obtain a count of employment. The ex¬ 
tent of imdcr-reporting is much greater in those age and He.x groups 
in wliich a smaller proportion aio UKUally einployeil. 'I'hese Haiiio ago 
and BOX group,s have contributed ino-st to lh« wivvtime, expauKiou 
of the labor forco. It seems prohahio, tlicrcfore, Unit the extent of 
under-reporting obtained with tho old sclicdulo was greater in 1044 
and 1046 than in earlier years. 
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We are working on a revision of the MRLF data prior to July, 1945, 
to bring tliem in line with the measurements obtained with the new 
schedule after July, 1945. The procedure we are following is to relate 
the size of the adjustment to the level of employment for each age and 
sex group. This will result in a much less revision for in the earlier 
months than for the later months. 

The new schedule has also affected the measurement of unemploy¬ 
ment, but to a much lesser extent. Beginning in 1940 the basis for de¬ 
termining whether or not a person is unemployed was whether of not 
he was actually seeking a job. Persons who would be actively seeking 
work except for the fact that they were temporarily ill or that they 
believed there was no work available in the community, were also clas¬ 
sified as unemployed and were referred to as inactive job seekers. The 
old schedule obtained a count of these persons by asking those who 
reported that they were not actively seeking work the question, ‘'Why 
not?'' In the months just prior to the adoption of the new schedule, 
when unemployment had been reduced to less than one million, nearly 
50 per cent of the total number of unemployed were included in this 
inactive group, The new schedule does not ask the reason for not look¬ 
ing for work. Rather it relies on the respondent's answer to the ques¬ 
tion as to whether or not the person being enumerated is looking for 
work. If persons indicate in the course of the interview with the now 
schedulo that they would be looking for work except that they are 
temporarily ill or believe no work available, they are classified as look¬ 
ing for work, The number of these inactives picked up with the new 
schedule, however, appears to be considerably less than the number 
counted with the old schedule which contained the question as to why 
poTBons were not actively seeking work. In addition, Boine of those 
reported as actively seeking work with the old schedule are found with 
the more specific and complete questions on the new schedule to be at 
work in addition to seeking another job. Such persons are classified 
as employed. Finally, the new schedule obtains a more nearly com¬ 
plete count of housewives and students who are actively seeking work. 
The net effect of all these factors on the count of unemployinent ob¬ 
tained with the new schedule as compared with the old is small, the 
net change being a reduction of some 150,000 in the level of unemploy¬ 
ment in July 1946. 

Experience with the new schedule since the end of the war is provid¬ 
ing some very encouraging evidence as to the sensitiveness of the look¬ 
ing for work question as a measurement of unemployment. For ex¬ 
ample, a large proportion of the women released from war plants im- 
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mediately started reporting tlicmselveH uh not l<)t)kinK for work. Like- 
wise a number of men wlio decided nfler the wav to lake a shovt rest or 
vacation from lire labor forw. Iieforo again Innkiiig for a joli were re¬ 
ported with the now aebcdiile us not looking for work. 

Onr expcriciiec with nieasureinen L thiring the last few yeni's eniplm- 
sizes the difTioulty of obtaining a full ecmiit of j)er.soiiK having a given 
characteristic—for L“xaini)k« lho.se wlifi did any gainfid W(»rk during a 
given week, fiinco such counts will include: persons liavii\g a cimsidor- 
fthle range of chaiae. Leris ties, it is itnporlaul to develop, ns u part of 
jneasurcmcnt, a oompreliensive and earefully worked out e]ii.s.siliea(ion 
procedure that will provulo the subdivishniH of (•in|ilo.vm<>nt and un¬ 
employment that arc needed for vaiioiis use.s and j)iir])o.ses- 

AL the same lime, them are, ilefinite limiUitions on Ihi'. rt'finernent 
that can he introduced B«cce.sHfully into hihov force clussirunvliou based 
oil a recurring cnuincraliou of a siUiiph( of household.^. Wliat .sort of 
criteria have developed out of our (!.\perience? 

First: TJic questions on wlueli ehmsifleafioiis urn Imsed inu.st not 
nroiiso antagonism ami inu.sl be siieli lhal lh(\v can bo asked month 
after month. (In order to provide greater continuity in ihe dala, MllXF 
households arc enumerated moalldy for about (1 inoudi.s.) Uiic of lUo 
reasons for the difTieuRy with the old seheduh* was that llm enumerator 
uns suppo.scd to ask of all jiersoiiH not working tn- IrMikiug for work, 
their reasons for not looking for work, lleeause (Iiis proved lo bo awk¬ 
ward in many cases, some cinimoratoiH proluibly did mil ask tlie ques¬ 
tion, but elaHsificd the rcspondcut by olmiuvalion. 

For the same masons, llic elus.sifiealion Hlioiihl not deiiruid on a long 
scries of questions wliieh will (iiseourage eonlinueil noopenUion. lOnu- 
morators arc only hiiinan and am likelj' to adopt sbort-eiilH in order to 
avoid serious oppoaitioa, pai ti«ular] 3 ' wln'ii liny liave to return to the 
same Imuschold tlic next month, 

Second: The (lucstious iiuist lie <il)jee.livei and designed Lo provide 
approximately tlio same answers no nintter w'bo a.sks or nnsweis 
them, In the great majority of cn.ses, the information is furnished 
by the housewife. She enu give fairly mlcqimte replie.s to questions on 
whether tlic meinhers of her familj' are working or looking for work, 
the approximate amount of time they w'orluul and the type of imhistry 
in which they W'orked. She eanuoL he expected lo give (uiuiilly ix'lialile. 
answers to ((uc-stions of the intenlion.H, iirefereueeH, or al l itmle.s of other 
memberaof the household. For example Iheipieslioii, '‘Ifow many Inmisa 
week does j'our daughter wnnt lo work?” might be aiiswi'i'cxl quite 
clilTeYcntly if asked of the daughter herself. 
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Third: The questions must not strain too much the respondent's 
memory. This criterion applies to the recency of the date or period of 
time to which the information requested applies^ the length of the 
period of time to which the question applies, and the detail in which 
the information is requested. 

Fourth: Concepts, definitions, and instructions must be simple and 
conform as nearly as possible to common usage. For example, we ob¬ 
tain a measurement of iihemployment by simply asking whether a 
person is looking for work rather than by specifically asking whether 
or not a person was engaged in one or more of such activities as plac¬ 
ing or answering ads, writing letters, applying at a factory personnel 
office, registering with the USES, etc. Of course, in instructions to 
enumerators it is necessary to indicate the criteria to be used if the 
respondent is not certain whether or not some member of the household 
is looking for work. 

In setting up a labor force classification we must take into account 
not only what kind of questions will yield reliable and useful answers 
but also, in the case of sample surveys, what types of estimates can 
be provided by a sample of a given size. 

Our fifth criterion, then, is that the classification should be suffi¬ 
ciently broad so that the month to month changes in estimates are sig¬ 
nificant and can be distinguished from sampling variation. For ex¬ 
ample, it has been proposed that unemployed married women whose 
husbands are earning $26 a week or more constitute an important 
group to break out from the total number looking for work, on the 
theory that their unemployment ia not so serious as an indication of 
failure to achieve full employment. Even if the premise were agreed 
to, it would be a mistake to adopt such a classification if the sample 
cannot provide reliable estimates of the size of this group from month 
to month. Unwarranted conclusions would be drawn from changes 
which are only the result of sampling variation. 

Again, differentiation is possible at certain times but not at oLliers. 
The breakdown of the unemployed into the groups suggested in the 
previous paper might be proper when the level of unemployment is 
high but not when the level of unemployment is low. The groups in 
the population which it would seem desirable to differentiate because 
they do not have the characteristics generally associated with the 
majority tend bo be small in size and therefore impossible to estimate 
adequately with a small sample. 

These cautionary words do not mean that a wide variety of differ¬ 
entiation is not possible if obtained occasionally and on the basis of 
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Special inquiries, Questiona "which would end nil types of cooperation 
if naked each month can be asked once during the period in which a 
household is in the sample. Occasionally it would be possible to pay 
the coat of interviewing cacli adult in a household^ so that he can re¬ 
port directly hia present attachment to the labor force, his carniiiga if 
employed, and the typo of worlc he ia looking for if unemployed. Finally, 
the characteristics of very small segments of the population can ho 
estimated from time to time, and although the estimates will bo sub¬ 
ject to a large sampling error, they will still bo useful as an indication 
of the approximate size of the group, in relation to other groups and 
to the total. 

The types of differentiation proposed in the preceding paper arc, for 
the moat part, consistent with the criteria proposed. Geographical dif^ 
ferentiation and that related to such factors as age, sex, and jnarital 
status present no cnitinoralion difficulties. The si^jc of the present 
sample, however, will yiojd only national estimates. Funds arc being 
requested to enable estimates to bo made on a quarterly basis for CO 
metropolitan areas and for the larger States. The expanded sample 
would also make it possible to provide much more extensive and reliable 
breakdowns of the national data. 



EMPLOYMENT STATISTICS IN THE PLANNING OF A 
FULL-EMPLOYMENT PROGRAM 


Cha-Ulbs Stewam 
Bureau of Lahor SiaiiAiic^ 

AND 

Loeinq Wood 
Bureau of the Budffcl 

The term "full-omploymont program^ usually moans a 
program designod to maintam tho gonoral do maud for labor. 
Unemployment can bo reduced by such a program only to a 
certain point; beyond that point an increnBo in tho goneml 
demand for labor will bo relatively ineffective and will have 
undesirable reporcuaaiona, In setting a goal for a full-employ¬ 
ment program wo are OBsentially expressing a Judgment on 
how far wo can safely go in reducing uncmploymoiit by in¬ 
creasing general demand. In translating this judgment into 
figuresj tho best guide is our historical experience, 

Tho essence of a full-employment program is tho coor¬ 
dination of a multitude of governmental activities to achieve 
a quantitative result. This requires that the goal, initially ex¬ 
pressed in employment terms, bo translated into a compre- 
honsivo national budget. The construction of such a budget 
requires essentially the identification and projection of causally 
significant relationships, For this purpose, tho primary sta¬ 
tistical need is that economic data in various fields be made 
more comparable and consistent. 

Objectives expressed in terms of national aggregates of 
employment, unemployment and expenditure are appropriate 
in tho long-range planning of oconomio policy, but alone will 
not bo sulBcient for current appraisal of the adequacy of the 
measures taken. For this purpose we cannot roly on any single 
sot of data. Wo must rather undertake a continuing analysis 
of all information which may throw light on tho adequacy 
of our employment objectives and tho meaning of current 
levels of employment and unemployment in the context of 
the developing situation. 

R ecent cliscussion of full-employment policy places upon statis¬ 
ticians and economists a formidable task of developing the types 
of statistical analysis needed in its planning and execution. The task is 
not so simple as the discussion might seem to imply. The preceding 
papevs have dealt with problems and recent progveSB in refining some 
of the statistical data which will be needed for such purposes. This 
paper deals more directly with some of the problems arising in connec- 
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tion with tlio use of labor force and employment statistics in the plan¬ 
ning and administration of a full-employment program. 

Three types of problems will be consklcrccl. First, there are jn oljlenis 
of defining cpinntitatively the objective of full-cmployinent policy, in 
terms of employment and unemployment. Siicontl, Ihore arc j)roblems 
centered around the development of the national budget as the central 
tool in economic policy-formation. Finally, there arc? problonm eon- 
neetccl with the use of .statistical data in (Icterminiiig ciirrciitly how 
closely the full-eniploymcnt goal luis been approached. 

I 

A common approach to the definition of full oin])loymont innkes use 
of tile rclntionship between the iiumliev of ptirsons unemployed mid tlie 
number of nnfilleil job opening.s. Beveridge, for example, sugRosts that 
full employment means "moro vacant jobs than uncinjiloycd men.”* 
To anyone concerned with problems cif ineasuvemcut, Ibis typo of defi¬ 
nition raises serious questions. It is diffieult enough to determine wlien 
a given iiidivKhial is to bo classified ns uiwunployi'd, but there i.s at 
least no question that ho i.s an individual, ami, once his projier elnssifK-a- 
tion has been determined, bo can be counted. A "job opening” lio\vev<‘r, 
is soniothiug much more tcmioiis; it may ropresent only the ilt'sire of 
an employer to iiiLcrviow prospective Avorkers in order to bo able to liire 
promptly at some fuLurc time in cii.se tho need sliould rnaLeriiilizo. 

Wc may get further if wc nsk why it is noccssury, in Hetting up a 
“full employment" objective, to allow for any unemploymimt. It is 
doubtless true that unomplcymcnfc of two inillion ivill involve sonu!- 
what less hardship to tho individuals iuvolvotl than will uiiemiiloymeut 
of 16 million. But this is not in itself o juHtifi<‘alion for taking two 
million unemployed, ratlior than one million or JOO.OOl) us our "full 
employment” goal, The justification must be sought in the nature of 
the program for which the goal is being set. 

The term “full-einploymont program", in tin; context of most currpiit 
discussion, has a somcAvhat more specific connoLuLion limn the Avoids 
themselves sccm to imply. It onlinivrily moans a program designed 
primarily to maintain the general demand for labor, usually by main- 
taming the demand for gooils and services. AVbile sonie consideration 
may bo given to donmnd fur labor in spoeific regions and industrieH, 
ompbasiB is generally on the iialioiud picture. Measures desigued siic- 
cificftlly to improve the orgainzatioji of the labor inarlud—improvenu'iit 
of employment .services, elimination of seasoiml Auirialions, or rcor- 

* ^Villlnni 11. llcvcrifluo, h'uU ui a Frte Suriclpi N'ov York, W. Kortoii niul C'o-i 

1045, p. 10 
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ganization of casual industries—^are usually thought of in a separate 
category. 

Increased demand for labor will undoubtedly result in some reduc¬ 
tion in unemployment under any conditions. But if unemployment is 
already low, the effect will be relatively small, and scrioua inflationary 
pressure may result. 

In setting a *‘goaP^ for a full-employment program, we must take 
account of the limitations of the program. The allowance for *%ini' 
mum" or “frictional" unemployment which we make will vary, of 
course, depending on the character of the program itself and, in par¬ 
ticular, on the extent to which it includes measures designed to im¬ 
prove the organization of the labor market, At best, however, the 
figure will represent a judgment on how far we can safely go in reduc¬ 
ing unemployment through increasing demand. 

In translating this judgement into figures, the best guide is probably 
our historical experience. At present, the only period of relatively full 
employment for which data are available is the war period, which is 
not ail adequate guide to peacetime conditions. It is relevant, never¬ 
theless, to consider that unemployment, as measured by the Census 
series, was below one million during most of the period from mid-1943 
through mid-1945. We should probably not choose to face in peace¬ 
time the problems of labor shortage which characterized this period, 
and to invoke the manpower and price controls which they necessitated. 
The earlier part of the war period, before labor shortages became acute, 
may provide a better guide. 

It is important to recognize that any projected unemployment or 
labor force figure has meaning only with, reference to a specific set of 
definitions and techniques of measurement. The preceding papers have 
suggested the extent to which relatively minor changes in procedures of 
enumeration may affect the resulting estimates. 

II 

An objective defined only in terms of unemployment is hardly ade¬ 
quate as a guide to the development of economic policy. We need also 
to know what the goal implies in terms of employment, production, and 
national income. It may be necessary, indeed, to go much beyond this 
to the preparation of detailed estimates of income, consumption, sav¬ 
ings, and investment, and perhaps even estimates of production and 
cmploymenL for individual industries. 

It may not be obvious why such estimates are relevant to a program 
primarily concerned with employment. But the term “full employ- 
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ment" refers to the olijcctivc of the program, and not to its scope. What 
is implied by the phrase '‘full-cmploymcut program" is a coordination 
of Federal economic and fiscal policy in the interest of inninlaining 
employment. 

The essential characteristic of the program is thus the coonlinatwn 
of Federal activities in a multiplicity of fields which impinge on tho 
operation of tho economy. Itinvolvc.s, moreover, their coordination to 
achieve a quanliCative result—a given level of dcmaiul for labor neither 
too high nor too low. The planning and oxoeiition of siicli a program will 
clearly require the preparation of coinprelicnsivc c.stimiitr-H covering 
the whole range of economic activity. The term "National Budget,” 
frequently used to describe such estimate.^, is a fairlj' exact mctaiihor. 

A full-employment budget starts witli a forecast of the labor force, 
based on the latest current data and allowances for anticipated future 
developments. After deducting vvhatovcr unemployment figure is felt 
to be consistent with tho fiill-cmploymcnl objective, thi.s yields a goal 
expressed in terms of total employment. From total employment wo 
pass to estimates of production and income; and thence to an oslimato 
of consumption, investment and total expenditures, Tlic coinpiviison 
between total expenditures and total production provides a test of tho 
adequacy of demand to sustain full employment, and the underlying 
estimates provide, in greater or less detail, a desertplion of the asso¬ 
ciated pattern of economic activity. 

Tho problems involved in the conatruclion of such a budget are in 
essence problems of identifying and projecting significant economic 
lelationships, The task is complicated by the fact that most of the data 
which must bo used wore not designed for sucli purposes, and in many 
cases cannot bo easily adapted to it. Two examples, lioUi involving 
labor force and employment statistics, will seiwc to illustrate the sort of 
statistical problems which aro encountered. 

In passing from the estimate of total employment to estimates of 
production and income, we must make use of tho projections of hours, 
man-hour productivity, and hourly or weekly earnings. Hero we 
encounter tho dilHculty that our employment data me of two hinda- 
mentally different sorts, baaed on dilTcrcnt concepts and ileliniUoiis of 
employment. Data on labor force and iinomplo 3 unont are n(.>c!t's,sanly 
based on reports from the ivorkcrs themselves (or momhors of their 
households) on tho basis of which each individual is cbis-siliod on the 
basis of his employment status. But such data do not loud IhcmsolvcH 
to tho study of changes in productivity, hours, and earnings. For this 
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purpoacj it is necessary to make use of reports from employers which 
provide data on the number of persons on their pay rolls, their aggre¬ 
gate earnings, and the aggregate number of man-hours worked. Such 
reports necessarily require the use of a somewhat different definition of 
employment, and the estimates of total employment derived from these 
reports may differ materially from those based on a household survey. 

Lack of comparability between different series of data ia not always 
traceable to such fundamental differences in teehniquea of measure¬ 
ment, however. The statistical work of the Federal Government was 
not designed to serve the needs of national economic policy-making. 
Rather it has developed gradually in response to much more particu¬ 
larized needs and interests. As a result, estimates of different but closely 
related things, prepared by different agencies for different purposes, 
may not be consistent with respect to scope, definitions, and classifica¬ 
tion even when the basic data are drawn from the same or similar 
sources. 

Current data on hours and earnings in nonagricultnral industries are 
available only from BLS reports, which also provide data on employ¬ 
ment and aggregate wages. Trends in productivity, hours, and earnings 
must therefore be studied largely on the basis of these data. But to use 
the results of such studies in the construction of national budgets, they 
must be fitted into the structure of the Commerce Department esti¬ 
mates of national income. The estimates of the wage and salary com¬ 
ponent of national income, though based largely on the same sources 
as the BLS estimates of employment, are not directly comparable 
with the BLS estimates with respect to classification, or even with re¬ 
spect to total level and trend. Each agency has used the classifications 
and methods of estimation and adjustment it felt best adapted to its 
own needs, using the best data available at the time. This particular 
case ia cited not because it implies Griticisin of either of the agencies 
involved; they have recognized the problem and are now seeking to 
achieve consistency. But it is illustrative of the problems involved in 
adapting to the needs of national economic policy-making a series of 
statistical programs that have developed largely in response to different 
needs. 


Ill 

The long-range planning of a full employment program may be car¬ 
ried on with primary reference to objectives expressed in terms of gross 
national product or expenditures. But as the expenditure goal is ap- 
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proachccl, ifc will bo aeccssary to dotorminc whcUior in fuel tho ncicoin- 
paiiying employment represents full tiinployinenb, niulcr-omployinoub, 
or over employment. Presumftbly the objective wmiUl alao be ativled in 
terms of employment. But that goal likewise ia tentative in ehavactev, 
and requires periodic checking to rlotennino whether it nolunliy repre¬ 
sents, at any given time, the most accurate ]nt>n.siire of the fiill-oniploy- 
ment objective, 

As and if we approach the sl-atcd goal, how do wet know if the em¬ 
ployment goal is actually consisLent with the uHiinato objeclive—tlio, 
employment of the Nation’s labor force? Until 1940 only docenninl labor 
force data were available, which atfovded scanty material for determin¬ 
ing labor force norma. I'lsliiuating normal labor market pavtieiiiation 
rules and projecting nctual labor force nggregatea is slill a virgin licld 
of research- It is ol)vioiis, particularly at llio present time, Hint fore¬ 
casts of the probable size of tho la]>or force for even one your in mlvance 
cannot be precise. 

If ^vc should fail by n wide iniirgiu to reach full employment, the 
fuels of the siUmtion would probably be clear, mill more reiiiied statis¬ 
tical analysis would hardly hft nGccssary, But if we should approach 
full employment more closely, a nmre, eiu'cful iinttlysis woukt he, re¬ 
quired, and under some ciruumHlancoH a renppriilaal of the goal would 
be necessary. If, for e,vamplo, the aclnul luhor force, us shown by the 
Census Bureau’s Monthly Report on the Lalior Koren, should pi'ove to 
be substantially below the estimated labor force as used in deleiiuining 
the employment goal, downward revision would bo required. On the 
other hand, if tho estimates of required eniploymont should prove to 
he too conservative, the conliiuKul use of loo low a figvu’c for the full 
employment objective would understate the. real cuiploymeiit iicwls of 
the Nation and could result in n failure to take necessary ueLion to 
utilize our real labor rcsoureo.s. 

At this point wc arc primarily cojicerne<l with the problem of de¬ 
termining lioAV we know whellicr or not wo hnvo full einploytiu'nt wlu'n 
we arc at high levels of economic activity. We have to "g<*l bcliinil” llie 
statistics and appraise theix' moaning in terms of the gxiiertil labor 
market and economic situation. We. need to provide for tlu' crmliuuouH 
analysis of all relevant infornmliun which may tlirow light on the. 
adequacy of the oniploymont objective iiinl th<^ incniiing of the |)r(!\'uil- 
ing levels of employment and unemployment in tin; c.ontcxl of the dc- 
vcloping situations. More specifically, we m'cd to exiiiniiu^ pi‘riodi<;iilly 
the rcasonnblonoss of the allowance made for friciionnl micnipldyinmit, 
tho current level of the lahor force ns agiiiii.st ixrojecLed levels, and 
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questions centering around the degree of under-employment of em¬ 
ployed workers. 

The volume of unemployment shown by the Census Bureau's 
Monthly Report on the Labor Force does not provide us with a con¬ 
clusive answer aa to whether the current employment level is actually 
approximating full employment when unemployment is relatively low. 
The primary reason for this ambiguity is the problem of appraising the 
volume of unavoidable frictional unemployment in any given situation. 
If this were readily determinable there would be strong reasons for 
adopting unemployment as the key measure—^i.e., for using a stated 
minimum volume of unemployment as the objective. Probably the 
best clues as to whether unemployment at any given time is largely 
frictional can be found in evidences of labor shortages in some parts of 
the economy or in pressures toward rising prices for the factors of pro¬ 
duction. Hence over-all appraisal of the general economic situation must 
be relied upon to determine if the volume of unemployment reported 
at any given time is essentially frictional in character. It is apparent 
that the frictional component of unemployment cannot be readily iso¬ 
lated and may vary widely from time to lime> Experience may prove 
that any rough allowance made in advance—^for purposes of project¬ 
ing an employment goal—^may be so far off as to result in a serious dis¬ 
tortion of the employment objective. 

A second type of problem emerges from the possibility of ovor-state- 
menfc of the size of the labor force as estimated currently on a house¬ 
hold enumeration basis. The Census estimate of the number of persons 
seeking work but without jobs has the virtue of reflecting the re¬ 
spondents' own declarations that they are seeking work—a virtue 
which may give rise to the criticism that it is too subjective in character. 

The general alternative to revising the employment goal to take 
account of the actual changes in the size of the labor force is to base 
the employment goal on long-run historical trends as to the proportions 
of the population of working age in the labor force. This may mean, in 
effect, that we hold to an arbitrary employment goal which has at best 
some valid relationship to labor market participation rates in 1940, and 
ignores marked changes which may have occurred since that time. 

Any dangers inherent in the possibility of an overstatement of the 
numbers of persons reported currently as seeking work may be guarded 
against by conLinuoiis analysis of a wide variety of labor market in¬ 
formation. An analysis of tlic age-sex composition of the labor force as 
reported in the Monthly Report on the Labor Force, for example, will 
reveal whether the number of youths, women, and older workers show 
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any unusual developments. It is possiblo, further, to examinD the geo¬ 
graphic and industrial composition of unemployment. The Monthly 
Report on the Labor Force does not provide the basis for such an 
analysis because it is not designed, at present, to show the geographic 
or industrial distribution of uncmploynienl. But lliis can be ap¬ 
proached by analysis of unemplo 3 '-ment cornpenstUion eluiins data and 
analysis of changes in employment, by industry, by state, ami by area, 
as shown by the Bureau of Labor Statistics reports, as W(>11 ns by Em¬ 
ployment Service data on job applicants and rc/ernrls. 

The unemployment ooinpcnsalion data refer, of course, only to 
covered employment, but would reveal gcograpliic concentrations as 
well as affording proof of availability and employability. Analysis of 
the BLS employment data, while uot coaclu.sive, would suggest wluitlier 
excessive disemployment had oecurrccl in anj' particular segment even 
if unemployment nationally was reasonably low. Employnumt Service 
data would reveal the age, sex, experience and other chiiracteriBUcB of 
job applicants ns well as changes in job opporlumticB by area mid 
industry. 

Data of these kinds may throw little light on the question whether the 
prevailing volume of unemployment results from lack of ndcfiuate 
over-all demand for labor or from frictional causes. To the extent that 
the data point to regional or industrial concontration of unemploy¬ 
ment, however, this would suggest that the unemployment arlsc.s from 
immobility of labor or other factors of prcxluction and from imperfect 
organization of the labor market. From the point of view of remedial 
action, this would indicate special incaaiiros rather than broad fiscal or 
other measures directed toward incroa.sing aggregate demand. But in 
any case, such roviow and analysis of all available labor market in¬ 
formation would provide a clicclc on the validity of the current esti¬ 
mates of the size of the labor force as shown by the MoJithly Report on 
the Labor Force. 

A third problem, somewhat dilTercnt in character, is the cxistoucc of 
conditions of undor-cniployincnt—c.g., employment in marginal ac¬ 
tivities or at a workweek shorter than doBvred—as a result of lack of 
real full employment opportunities. With employment at relatively 
high levels, it may prove difBcult to demonstrate the facts satisfactorily 
ono'Ugh to justify remedial action. Information as to weekly honi s of 
work are available from the Bureau of I^abor StalielicH monthly re¬ 
ports for many industi'ics and from the Monthly Report on the Labor 
Force for o cross Bcclion of Iho population. Many indiviclualH dosiro 
part-time employment, of course, and oven wliorc a marked increase 
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in aucli employment can be shown, the meaning is not altogether clear 
except in periods of recegsion or depression. Further research and in¬ 
formation would be required, as indicated in a previous paper, for 
adequate evaluation of the existence of under-employment under condi¬ 
tions of relatively high employment. The problem ia significant, how¬ 
ever, because the existence of under-employment presents evidence as 
to lack of over-all demand for labor as a factor impeding the most 
efficient utilization of the Nation's labor resources. 



MEASURING AND FORECASTING CONSUMPTICJN* 

Fuank K. Gaufiki.d 

During tho pnrtt dijcndu, uinlor tlio HtinniliiH of iilmngnd 
economic conditioim mul chnngi‘(l lownni policy 

fonnalinii, n!id prtiRn'V^rt Imu Wen umdciu Clio m<\ivsnrtMiu'.ivi of 
coiiHiiin|iUafi ill Iho IJiiiUid Sluti‘«. ('(iKci'pls hiivo horn rluoi- 
fied coiiHidcruhly, teclinicpio!^ for gallKtriii^ infonualion lijwo 
been improvoil, Komn inforimUinn lm,H born c!oIlrfl(?fl, and a 
certain nmouiiL of lay nH well ns proh'snioiml HUiiport lias haeiL 
(lovoJojujd for fiirtlier nso of public fiindH to rnousnro oon.surnj>- 
lion. VVork in tliiB field, hon-ovcr, iHBlill in a pioriooriiig slrigo, 
particubvly Nvilb rnferenne lo the mraHMveiiieni nf elnviiROH in 
the ijhysical volimio of coinmniplion* 

Olio pnrposd for whicli information on ronsuinplinn haH 
been ustal iacrcaHiiigly during; rnnmit yearn in tiie furerti.stiiiff 
of clnuigOH in coiiHiimptinn and in eroiioinic cfiinJitions 
crnlly. CoiiKUmption hiiH Ijcrri widely regarded as a varialjlo 
dopciiduJiL in cpiita regular fanliion on oerlain oilier vanahlnH, 
pai’ticiilarly ooiiHumer inc(uno aflnr and inrreninjilvi 

Ibernln. TIiir ialonnetiUlon has facilitiiLeit ealcubkliniiH of 
hypoUictlcuL fig urea for fuLuro gross mUional produet luid for 
futiiro employment; and has nonlnlnited alsci to enncliisionN 
reached about iiroapecLiva uggregaLe deiiiiuul a nr I aggregatii 
supply, and proApoctn fur inflation, 

In th(] nuthor'B view, geiioraluationa aliont tlie ivlntioiiHlii[).H 
lioUvecn conainnplion and other eleiiKiiilH In the rettnoniio 
flituation havo bcoii made witlioiit adiapmte rorogiiitiaii of 
dirterQueoB iu bcluivior resulting from diffmaieea In tin a-,, idaee, 
and circumstance. This accounls in part for t)ie HhortcoiningH 
of many forecasts made Inst suininor. Kivn niiRgeHtioiiH con- 
ceniiiig foracnaling arc oiTered f<ir coiiHideralioni (1) that 
Goiiaiimption in any particular period ho e.Hlirnateii afii^r gIohr 
study of tho jmiHpocts for crmipoiierit purlH, with income 
after taxes bohig regarded as only oiio (very iiiiinirtaiit) factor 
infUioncing conmimplion; <2) that more attention bo given to 
acciirnto measurement of the current level of the pliysieid 
voliiiiio of coiiHiimptioa na n starting point for eHLiriuLtiug 
future changes in conmiiiipUon j (3) that tlio roinnuifi riH.siuup- 
tioMH about constant priccH he inodiiitMl to Huit tin* occasion 
and that the whole approach to the jirohlniu of ifsliinatifig tlio 
prohablo course of eoiiHUiniUion, inronie, cunployment, niifi 
prieen ho rc-oxuimned and revised to lake uflmpialo iieennnl 
of nil till! important faRtoiH in tlio market; ( I) that very ried 
limiU to what can be aceompliHhed in foreetustiug by dcHcrih- 
ing tlio econoniio world in lerniH of imitlioinntical relationHliips 

• Pn^koc doUvctGtl AiftencMk BUvUfilbnl Awsnrintiuii, Ohia, JftiuinTy -ft, 1010 
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be recognized and that the importance of selective judgments 
with respect to particular periods bo emphasized; and (5) 
that, in view of the present uncertain state of the nit of fore¬ 
casting, care should be taken in formulating policy to roly only 
so far ns is necessary on forecasts arrived at by any method. 

D uring the past decade considerable pioneering work has been done 
in this country in the measurement and forecasting of consump¬ 
tion, and the bibliography of this field is now quite extended—much 
more so than I supposed when I accepted this assignment. So farj 
fortunately, crystallization on any single viewpoint has been avoided 
for the most part, both in measurement and forecasting, and develop¬ 
ment of new ideas as to objectives and methods has been spirited. 
About all I hope to do this morning is to remind you of this and to sug¬ 
gest some of the broader issues which seem to merit further attention, 
particularly issues relating to forecasting. 

Meamring consum'piion^ Great impetus was given to measurement in 
the field of consumption by the marked deterioration in living condi¬ 
tions which occurred in the early 1930's and by tlie widespread modi¬ 
fication in that period of the laissez-faire views of earlier, more prosper¬ 
ous days. Costs of investigation were regarded in many quarters as no 
impediment—in fact, surveys of all sorts wore encouraged as a means of 
further unbalancing the Federal budget and providing employment. 
There was keen interest in what could be done by the Government to 
improve living conditions, and especially the lot of the lowest one-third. 
The Consumer Purchase Study of 1935-36 provided information on a 
scale never before attempted in this field, including detailed analysis 
of the consumption of 60,000 families classified by income group, degree 
of urbanization, and other characteristics. In some particulars, such 
as the coverage of high income groups, this study was not wholly 
satisfactory, but it marked a real turning point in the whole history of 
the measurement of consumption. Information was obtained not only 
on dollar expenditures but also on what consumers were able to obtain 
for their money in real or physical terms. 

Since this initial comprehensive survey there have been further 
studies of a similar soH in 1941 and again in 1944, but the samples have 
been extremely small and, even though sampling techniques had im¬ 
proved meanwhile, the results have been of only limited value. The war, 
it may 1)0 noted, called for action to restrict consumption rather than 
to expand it and to conserve labor rather than to provide employment. 
The gathering of information not directly essential to the war program 
was generally curtailed. 
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Meanwhile, since the early 1930’b nnalyais of current economic clc- 
volopments has been oxtciiJcil in new dircctioiiB. The focua of many 
recent studies hna been development of an integrated nyshiin of broad 
aggregates covering nil activiticB in terma of income flows unci expendi¬ 
tures, whorcae in the 1920'8 the effort was to develop ineUHurcs of 
changes in strategic points in the economy nnd not to formalize esti¬ 
mates of cluiugca elsewhere. Development of Hub new Byslcni Iuib led 
to considerable work in estimating annual consumer cxpoiulitureH for 
consumption items and catiinntea Imvc been made largely on the basis 
of biennial Census data for production and leas frequent Census data 
on distribution. Work in this field has provided such expenditure esti¬ 
mates over a considerable period of time in quite some detail hy com¬ 
modity groups but not by type of purclmacr. The concepts and pro¬ 
cedures were determined with a view to fitting the resulla into the 
general analysis of gross product, and the matter of physical volume of 
conaumption was not a primary conBidcration. 

For purposes of current nnalyais it appcai'cd necessary to have data 
for much shorter periods than ycara nnd the Dcparlincut of Commerce 
has developed a serlea on the basis of much more limited data than Llioso 
available for annual compilations. Tliese figures Imvc certain liinitutions 
as a mensuro of current monthly cliangcs in consumer cxpcnclilurcs and 
can he interpreted as representing changes in the pliysicul volume of 
consumption only through a price deflation process. Tlic Buhjcct of 
price deflation, especially for the war period, ia atill one of sharp dehatc, 
and differcncca in point of view ns to proper deflation liavo conlributcd 
to quite different viciva ns to the current level of conaumption and the 
prospect for clianges therein. 

Changes in living conditions—the physical volume of consumption— 
received some attention in the planning of the war program nnd more 
recently have received important consideration in planning the settle¬ 
ment of war claims and the floating of loans by this country. In this 
connection a "Special Combined Committee" setup by the Combined 
Production nnd Resourcea Board mode a careful atudy of existing in¬ 
formation concerning changes in living conditions during the war 
period in the United States, tlio United Kingdom, and Canada nnd did 
what they could to make compariBOUS of iibflolute levels of consumption 
in the three countries, The clinirmnn of the group making this study 
ia the chairman of this meeting and any qncBtionB on this may well bo 
addressed to him. It may ho noted, Iiowevcr, that thia Btudy was an 
attempt to get at changes in living conditions and not Biinply changes 
in consumer expenditures; and tlmt it was an attempt to do this by 
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building up physical volume estimateB directly aa well as by deflating 
expenditure series. It was, moreover, an attempt to make international 
comparisons meaningful through appropriate reclassification, of data 
available in three different countries and through discreet handling of 
price deflation problems of peculiar difficulty. 

Finally, in order to estimate the importance of increased consumer 
holdings of liquid assets in affecting postwar spending, opinion surveys 
have been undertaken in an experimental way. It remains to be seen 
whether intentions to buy can be taken as seriously as intentions to 
plant. 

These observations aa to measurement of consumption have been 
made to indicate some of the many purposes for which information has 
been sought, some of the many types of iaformation obtained, and some 
of the broader limitations of available data for purposes of historical 
analysis and of forecasting. In passing, perhaps apology should be 
made to certain people for talking as if no one thought of consumption 
before the Great Depression—particularly to such as Mr. Engel, the 
1919 budget study people, the people who initiated the collection of 
monthly department store sales data in 1919, and the authors of 1,600 
family expenditure studies made here and abroad before the Consumer 
Purchase Study of 1936-36. 

Vorecasiing consum'ption. At this point the discussion narrows, in one 
sense, because the forecasting of consumption as a part of the total 
economic situation is only one of the many purposes for which informa- 
tion about consumption is useful. Nevertheless, the issues involved in 
forecasting are themselves pretty broad and forecasts at times are im¬ 
portant in determining policies, or at least in rationalizing them; the 
time when forecasts were recognized as of significance only by those 
who hoped to turn a quick penny in capital markets is long since past* 
The period since the end of the war has been one in which widespread 
forecasts of quick deflation may have hastened the process of decontrol 
and of tax reduction. Forecasters who made such predictions may well 
ponder whether the influence of their forecasts has been in the right 
direction and whether there is anything they can do to improve their 
forecasting methods for the future. They are, as indicated by these 
sessions, quite aware of the problem. One particular question is how 
satisfactory estimates of consumption have been and how they might 
be put on a better basis. In approaching this question it may be recalled 
that until very recently no attempt had been made to estimate total 
consumption or to forecast the course of consumption, except in the 
most general terms; consequently it would be strange indeed if the 
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leaiilts achieved or tlie metliods developed wore us good us might be 
lioped for on the basis of more experience. 

One of the most basic facts iibout the course of conHumption in a 
country developed beyond Uio 8tag(! of recurrent fniniiicH is the rolii' 
tlvcly stable nature of total cc)iisumi)tion, in real tenns, during most 
peacetime periods. Thi.s is chanieterisLic of total consumption in the 
sense of consuinw- purcliuHcs and .somewhat more so of total (ionsuinp- 
tionin the scn.se of consumer u.so of go(Kls, including durable goods they 
have on hand. (Tlic usual figures, iucidontiilly, relate to a eombination 
of the two; purclui.se.s of new automobiles are lak»ni as the measure of 
automobile conKumplion wliilc rent payiuenls and certain costs of 
home ownersliip, latlior tlian outlays for new houHe.s, are laktm an the 
moaisure of service.s rendered by hou.ses.) Such fluclualions as have 
occurreil in consumption—or at least in dollar consinnpLion expendi¬ 
tures—ill mo.st past iicrlcxls liave been closely rcUvteil to elianges 
in income, though considerahly less marked. 

Observation of such fads about coiusumption in recent years has led 
many analysts to the conclusion that in full cmploymi.'nt mod(‘ls—a 
rather recent invention—or in forecasts of actual conditioiiH, figures for 
consumption could bo derived from figures for coiisumer income after 
poraonal taxes, with itiinor idlowanccH for the infiuenecf of fiudors other 
than changes in disposaldc income. Because of the Hlaldlity of eonsump- 
tioii, and llic closeness of records for almost every year to oiu! or 
another indicated relationship between income and consninplion, itims 
been thought tluiL any errors in forecasting coiiHumplion would be 
small, percoiilagcwiso. The groat size of the consumption component of 
total expenditures and the great elTcct of Biiiall percentage (M-rors at this 
point have not received iiiucli attoiition; consumer expenditures in tlie 
fourth quiuber of 1946 were at an annual rate of 107 hillion as conqiaicd 
with 180 for gross product, and ordinarily are a larger part of the total. 
Nor has adequate attention liccn given to tlie impossiliility of avoiding 
the conaefiucncG.s in the consumption estiinatefl of errors in estinuiles of 
other components. For “normal” times tlio analy.sis of changes in con¬ 
sumption inns in tonus of changes in derived consunior denuind, with 
adequate productive capacity assumed, 

In compiling forecasts of consumiition and production for the im¬ 
mediate po,stwttr period, it has been geneially recognized lliat output 
of automoliilcs and oUier durable goods for e.onsumi'rs would lu; ro- 
Btrietcd by Icehnical reconversion probhmis and lliatconaeiinenlly con- 
eiimcv demand could not be regarded to the usual degree us a determin¬ 
ing factor in the volume of production in tliiH field. It lain also been 
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recognized that demand for durable consumera goods would be to some 
extent independent of current income, owing to depletion of consumer 
stocks and accumulation of consumer buying power. 

Production of nondurable goods, however, was expected to be de¬ 
termined largely by demand factors and consumer demand in this field 
was thought of as being closely related to income, The limitation of 
production volume through supply factors in a wide range of produced s 
and consumer’s durable goods, moreover, was expected to limit income 
payments and thereby demand for nondurable consumer goods. 

On the basis of these considerations and allowance for a rapid decline 
in Government expenditures, a reduction of several billion dollars in 
the annual rate of consumer purchases of nondurable goods from the 
middle of 1945 to the end of the yoar was forecast by some last summer. 
As events turned out, consumer takings of nondurable goods were at 
an annual, seasonally adjusted rate of 66 billion dollars in the fourth 
quarter (a figure later revised to 69.5 billion) as compared with 59 
billion in the second quarter of the year. The rise occurred at a time 
when income payments and disposable income were somewhat re¬ 
duced. Thus, the usual relationship between consumer income and 
expenditures for nondurable goods did not hold in this pexiod and, 
moreover, the decline in income was very much less than had been 
expected. 

Now we might brush aside this failure to forecast even the approxi¬ 
mate level of consumption outlays with the observation that this was 
an especially difficult period to forecast by any method. Or, we might 
interpret the continued strong consumer demand for nondurables as 
being so temporary that earlier forecasts would be fulfilled—albeit at a 
somewhat later date than originally suggested. Or, we might take fur¬ 
ther counsel about the forecasting procedure itself, recognizing that the 
period immediately ahead now will also be unusual and perhaps of 
exceptional importance; and that almost no period is of an average sort 
except some period in the fairly distant future which can not be ex¬ 
amined very closely in advance. 

My first suggestion is that full recognition should be given—as it has 
not been heretofore—to the many influences that bear on cliangea in 
consumption over time and especially to the varied importance of these 
different influences in different periods. To regard consumer expendi¬ 
tures, or even consumer expenditures for nondurables, simply as a 
variable dependent on disposable ineome is too restrictive, no matter 
what the formula. It is true that in peacetime many fluctuations in 
economic activity stem from business decisions about the purchase of 
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inventories, new plant and equipment, and tlio like; and that Huch 
fluctuationa affect conaumei' incoinea and cxponriiturca. It is niao irvie 
that considerations otlicr tlinn the consumer maTket may lie paramount 
in such decisions, Almost always, however, these Imaincfts rlcnisions arc 
made partly with a view to the consumer market. Moreover, chnnKcs 
occur in. consumer stocks of aiitomobilcfl and other tlurable ko(k1b— and 
alBo of soraidiirablc goofls—wliich may liav(s iiiipt)rUMiL repi'niiiKsions 
in the markets for these producls, especially if tliey have, not Iteen ade¬ 
quately foreseen, After the end of the war sueli iunueiuu'H \V(ne of great 
importance and there was also a rapid increase in Uie civilian popula¬ 
tion, witli the return of ecvcral million persona from the armed forces. 
Returning veterans, moreover, had special demands, chiefly for men's 
clothing and the like. Consumers generally were in a Htrongor financial 
position, than would bo ueual at existing income levels, liocauBi) of war¬ 
time savings which had been only partially devalued by uflvances in the 
cost of living. Clearly, in forecasting consumption in mieli a period, 
demand for semi-durable as well as durable consumer goiais shoiiUl be 
regarded as at least scini-autonomous; and demand even for perishables 
should be estimated partly on the basis of facturs other Uiitii (turret) t 
income. In 1940 the strength of the coneumcr’s financial position and 
of his desires ond the paucity of his stocks of goods may enntimus to 
have a real influonco on buying, keeping consuincr cxpenditurcH for 
many “nondurablea,” for example, “out of line” with past i-clationships 
and making the problem of price control more scrions tlian many expect 
it to be. For later, more "normal” ycnis, the point may int less perlimmt 
but, again, the “normal” year, or quarter, may be eluaiv(j. 

Once the position is accepted that consumer expenditures are mitnno- 
mous to a significant degree, the csliinatcs of tliu gross product must 
be made partly on the basis of independent con»umplioLi cfllimatcs; 
and, further, the eetimatesfor capital formation may need to take these 
consumption estiraates into account—^luilcas, perchance, as in tlio most 
recent period, they have been based primarily on the estimates of prac¬ 
tical capacity rather tiian of demand, which has becjn expected to he 
far in excess of supplies in the field of capital formation. The ilcgriu! to 
which consumption exponditurcB sliould bo regarded not only us 
autonomous but also as determining certain other ItcniH needs to be 
considered in appraising the particular situation developing at any 
particular time. 

The second suggestion I have to offer is that more alientiun should 
be given to thomeosuromontof past and current eonsumpliun, ospeeial- 
ly in real or physical volume terms. IDcibato about the extent to which 
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consumer habits may be expected to change under given circumstancea 
could be raised to a considerably higher level if more were known about 
the actual course of consumption- Last summer, for example, it would 
have been very pertinent to know how consumption in real terms stood 
in relation to 1939 and 1941. Had we, as many forecasters thought, not 
only avoided a **bed-rock'^ level of consumption but actually increased 
aggregate civilian consumption by 20 per cent? (And per capita some¬ 
what more?) Or was consumption little, if any, above the 1939 level, 
as some others thought? Or was it in a range of 7 to 12 per cent (10 to 15 
per cent per capita) above 1939 as the Combined Resources Board 
group concluded about that time with reference to the year 1944? 
It seems evident that the level was lower in mid-1945 than in 1944, 
If this is allowed for and if certain debatable downward adjustments are 
made in the Combined Resources Board figures for 1944, the mid-1945 
level for aggregate civilian consumption would appear to be little above 
the 1939 level and below the 1941 level—with very marked differences, 
of course, for particular groups. "Whatever the correct answer may be 
as to the level last summer, it seems clear that, if possible, in the future 
enough work should be done to establish the facts and to avoid such 
sharp divergencies of view as to the level of consumption prevailing at 
the beginning of any particular period- And the information at hand 
should be reasonably accurate by groups of consumption items as well 
fts for the total if the significance of any level for the total is to be 
properly appraised. This is a matter, it may be added, of considerable 
importance in estimating the comparative courses of production and 
consumption in the period immediately ahead and therefore in estimat¬ 
ing when the present expansion peidod will be terminated. 

The third suggestion I offer for consideration is that in making fore¬ 
casts of consumption and the economic situation generally, more 
thought should be given to changes in prices, costs, and the bargaining 
process generally, In the predictions framed in gross product analysis 
terms, note is usually made of the fact that the figvrres shown for variouB 
types of expenditures are in terms of constant 1944 or 1945 prices as 
the cage may be. Note may also be made of the fact that a stable price 
Bituation is assumed in making the estimates, at least tentatively until 
it can be seen how large aggregate demand may be relative to aggregate 
supply and therefore what the general price situation may be. But right 
now one of the chief queations which needs to be considered in the 
preparation of estimates of consumption expenditures and capital for¬ 
mation is what prices will do or will be expected to do. And these quea- 
tionB, in my view, can not be answered by a global comparison of 
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aupply and demand. Prices ovo made in many niarluds and price 
change.'} are often cumulative. They arc made in real estate: ami ether 
transactions wlierc only tinnsfor payjnents arc iiicludod—an w(dl as in 
markets for currently produced goods to which the gro.ss prodiuit Inldc 
refers. They maybe so liigli nfl to niter consiilcrahly the aiilnal cour.se 
of activity—they AV'cro in 1919-20—and ant pruiitically certain to 
affect the level of income payments, ns, for (!xami)l(>, when wage rates 
are increased. At the moment production i.s hit(M'nii)tefl whih; bargain¬ 
ing over terms of employment goes on. Wlien the varions iiiflimnccs of 
changes in prices and costs and tlic negotiation thereof are ((oiiHulercd, 
the estimating process for consumption oxpeiiditunss and (ithcr items 
may ho more diflicuR but should be in some respects more rcaiislic. 

It oven appears that in some periods the most significant dc^’(>lop- 
menta may be cn,sior to see when llie whole approach is altered and 
instead of ashing liow much employment or unemployment Uhto will 
be, the question asked is wluil will happen to prices. I liustcii In tlis- 
claim any desire to piny down tlie importance of cmiiloyment or 
activity; rather, I would like to soo what ndililiomd can be huinird from 
another approach. As one illuntiution of what I have in mind, the in¬ 
terpretation of recent inventory figures maybe mentioned. In tlic gross 
product table, inventory changes shown arc small, of the order of Ibrcc 
billion dollars annually, and their significance, is not increased imu'h by 
allowing for their effect on consumer expcntliturcH. Hut wliy is the 
estimated change no larger than this? It is recognized that jiroducerH 
xuid distributors arc eager to replenish their inventories Imt it is 
thought that they can not got the supplies limy sock, except over along 
peiiod. If that conclusion is right, itmeaiiH that for a long Uine iircs-siire 
to increase prices and to truile in the black market will be great, if 
price Ceilings arc held and enforced in the usual trade cIuuuk'Ih. IVithin 
limits, the smaller the increases shown for invimtnries, the iiion! .serious 
'—in o ponod like this—is the likclihowl of further inllaliouary jiricis 
advances. And ultimately, I may add, the greater is llio danger of un¬ 
employment in a period of reaction from a Hpceulative price rise. The 
oamc general analysis applies to the not export figures in the. gross prod¬ 
uct table—if exports arc small simply because the good.s art' not avail¬ 
able, it inoana tliat many mavkeAs arc conUuually in a right pusiUou 
and that price iiicroaHos can be avoidtsl only |iy authoritarian measunis. 
If this same ttnalysis is made for rcsulcnlial building, llic eviileiu-e is 
dear right now. People arc ready to buy many more nmv liouses than 
can be built iu 1040 and prices arc continuing to rise—to h'Vels, in¬ 
cidentally, which arc far beyoiul what the cost indexes, wiMi e.on.stant 
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percentage margins for contractors, would suggest. In a period of this 
sorb a figure whicli shoAVS only how much will bo spent for neAv houses 
at constant prices or how many homes will be built gives little idea of 
the demand for now houses and provides no adequate basis for forecast¬ 
ing price developments in that field. Nor does it even contribute 
properly to an estimate of global demand to be matched against global 
supply. As I see it, analysis of the importance of price changes, of the 
way they develop and cumulate, and of the possible methods of fore¬ 
casting them needs to be developed by methods somewhat different, 
and in a sense more comprehensive, than those used in the gross 
product approach. 

Clearly, the suggestions offered here imply something about the 
emphasis to be placed on the development of mathematical devices in 
forecasting. Without in any way wishing to disparage the use of 
mathematics at appropriate points, I think it is important to recognize 
that there are very real limits to what can be accomplished by trying 
to describe in mathematical terms an economic world in which changes 
stem from so many influences of such varied significance in different 
periods. My emphasis—and this is the fourth of the suggestions about 
forecasting—would bo on improving our information (about inven¬ 
tories, investment in plant and the like, ns well as about consumption) 
and developing an analytical approach sufficiently broad and flexible 
to promote understanding of all the different types of situations which 
may lie ahead. No formulae or systems of formulae tied tightly to the 
past (a short past, too, for data of much reliability) can do anywhere 
near all the job, And efforts to formalize knowledge may divert atten¬ 
tion from establishing consistency between estimates of the parts and 
the facts to establishing internal consistency of a sort within a system 
of figures. The choice of independent variables, as noted in the discus¬ 
sion of the first point above, may be arbitrary and give rise to mislead¬ 
ing results. Perhaps all this is just another way of saying that the judg¬ 
ment of experienced people familiar with developments in economic 
and political affairs, domestic and international, is one essential cle¬ 
ment in good forecasting. Earlier I referred to the “art of forecasting^^; 
that phrase was chosen deliberately, 

Implied in all this discussion of forecasting consumption and eco¬ 
nomic activity generally ia a conclusion which may be stated as a 
fifth point; that the art of forecasting is not yet fully developed—or 
perhaps even that there are narrow limits to what can be done in this 
direction—and that forecasters should be careful not to claim loo much 
for their present methods. For many purposes, such as the preparation 
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of budget mcssagos, forecasts must be made curroiiUy by tlie best 
means available at any particular time and then be defended. But it 
hordly seems desirable, in diecussing the feasibility of a full employ¬ 
ment program, to place great cmphnaiB on the improvement mode to 
date in forecasting IccliniciucB. llatlicr, those who support a full em¬ 
ployment program, as I do, might better argue that sucli a program is 
essential and that, in order to carry out some parts of tin; jjrogram, 
provision should be mode for obtaining much bctt<;r infornuUien than 
we have and for stimulating efforts to learn more about forecasting, 

The future. The final section of this paper waa to deal with tlic future 
of measarement and forecasting in the field of consumption but the 
crystal ball is clouded and I bcc no formulae for predicting fluch maltora. 
The bibliography on this phase of tlic problem is fairly short and the 
opportunitieB for people of imagination to make real eontribiiliona arc 
great, 

Even 80 , the present staligticnl situation in this field ia very much im¬ 
proved over tliat prevailing immediately after the First World War, 
at least in absolute terms. What it may bo in relation to needB, I leave 
you to judge. Looking back over the liisbory of the period between the 
wars, it seems evident that the need for informalioa and analysis in this 
field was groat right along. Aii understanding of wlmt was liappcniug 
in consumption as compared with what was happening in capital forma¬ 
tion miglit liavc provided the basis for hotter policy in the nineteen 
twenties, although the temper of tho times was such that any advice 
economists might have given on this subject ])rabal}ly would have been 
little heeded. In the past decade coiiBiderablc thought has been given 
to objectives and mclhoda and there arc numerous cconomifils familiar 
with problems in tlie measurement and forecasting of consumption. 
Moreover, there are many more people in the community generally who 
aro aware of such problems. Conecqucntly, there is more chance that 
the thought of economists may be pertinent and bo rofleetcd in 
action. It is true that recent carefully considered proposals for a largo 
study of family income and a companion study of consuincr purchases 
have not yet been approved in Congress. But this should not he re¬ 
garded as too discouraging under existing conditions. 

The problem of developing satisfactory time series for Ibo physical 
volume of consumption ond for tlio physical volume of prtKluction of 
goods for consumers is real and will need to bo explored carefully. I’rc- 
liminary inveatigatiou of production data, such as has been made at 
tho Beservo Board, and tho work of the Combined Resources BoartI 
group show that the underlying data available, particularly on a cur- 
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rent basis, fall considerably short of what might be desired, aa, for 
example, in the field of textiles. 

In the international area the occasion for further development of 
information and analysis in the field of consumption may not appear 
with the same force as it is likely to in the domestic situation, and with 
the difficulties of comparison much greater because of much greater 
cultural differences, the limits on, what can be found out are no doubt 
narrower. Nevertheless, the question of relations between the nations 
which '‘have” and those which “have not” is a very basic one, even ns 
the question of distribution of income and consumption within a coun¬ 
try is; and sooner or later we may see developments in the field of inter¬ 
national statistics on consumption much greater than it now seems 
reasonable to expect. 

Whatever the developments in measurement may be, there will 
always be forecasting, and forecasting of consumption will be part of 
the job. There are likely to be further changes in methods as the pres¬ 
sure of events is brought to bear on the work of forecasters and as more 
consideration is given to the choice of methods for appraising prospects. 
Sharper distinctions maybe drawn in our thinking about various length 
time-periods and the extent to which forecasts may be useful and feasi¬ 
ble for six-month periods, two-year periods, and quarter-centuries. The 
tendency to overemphasize similarities between particular and average 
periods and to discount differencefl may give way gradually. Wo need 
not be too much surprised when any particular set of ABC series is 
superseded.-We should continue to avoid crystallization on any narrow 
view and to develop all approaches appropriate to the wide variety of 
situations likely to develop. 



THE USE OP ADJUSTING PACTOllS IN THE ANALYSIS OF 
DATA WITH DiSPIlOrOll'rlONAT]!] 

SUBCLASS NUMinCUS* 

U, pArrKUHONt 

Tliis paper prcKeiitfl u now luolhod for tlio niialyniH of vari- 
aiico of iniilli]ilo dtiHHificutioiiH w'itli uiiocpinl HiihiilasH iium- 
IjGia. It is hulioved Mint tlio mutluMl in Hirnl>U‘r irnii inoro 
oxjiodiiioiiH tliiui tho ulandurd nioiliod of filling; CHiiistanlH, 
TJio procoHS of iidjiiHliiig \h aooniiipliHlierl by suijHliliiiing in 
tho following c qua Li on: 

-V/d -X A{f 

whoro Xu is the mean of llio <Lli Nul)ClfiHa in Lho ;th row or 
columiii Xj is the inonii of the /th row or cohirniit X in Hio 
grand meuii niul is tho adjusted moan of the dh Hubclasg 
in tho yth row or column. 

Tho method is hnacd upon lhonr«HUmplion that llio woiglitod 
BUin of sqiiiircH of tho Hulyclans mennu that arc acljnHtod for lho 
border mean ofTectH is nii efliciojit cHtiinalo of lho variance 
dne to interaction, Jimlincalioii of this uKHumplion is indi- 
calod ]>y tho fact that tho (lifroreiico betW'con Ibe dilTereiicefl 
of HuhclaftH lueauH for a kWcu cIuhhi Real ion is ^mehunged Ijy 
11)0 adjuBting proccHH. It 5k further dcinojistnited Ihut if ii 
auflicient nuinhur of adjustingH nro carrhnl out the reaullFy 
will bo tho Humo an Diomo obtained by Lho method of hi ling 
oonsLant^), 


INTltOPUCTION 

I w THE field of animal fjcicnco data arc often encount rod in which tho 
subclass mimbors are neither ociual nor iiroporlionul. TJic coimn- 
quonces of this diHi^roportionality jn lho Huhelussos havt^ Ixnni voviowijd 
by Yntes (1933) and Snodecor and Cox (1935). Cousi<lonible limilaLiouH 
have been iniposod on the inLcrpretaLions of Huch data, Ihc Kolutions 
being generally considered^ tit bcBt, only approximations, 

One of the oldest methods of analyzing data uncciual nuin))erH is 
that of conecting or adjusting for clifTcrenceH among tho nuums. By 
this method two or more groups may bo made, on the av(M’ag(h homo¬ 
geneous for some given clTect. The more iinportiinl necond cITiM-t can 
then be studied and compared without llic dislurbing lullueucc of the 
correeted or adjusted elToet. Although this method Iuih liml (‘XtciiHivo 

* CrciUt niul IhmVft nro iIuq Ici Vrofmor 0.11. (ludbry of Urn AKrioilMind and n'liiiiiirikl (VjIIi'ko 
of 'JoxAn for lid]) in llio lirejmnilion of llih priper fur |l■\l1)lil’'lUio1l. 

t Aultnal liuHn^udmim, Dlvitiiou of Auiuuil lluKliAudfy,'IViuy KxiM rliHQuL 

SLatioiij AKriauUurnl and ^[GolhAT)iclll Colleyo of 
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use, especially by workers in the animal sciences, users usually feel 

obligated to apologize for it even when no other methods are applicable 
to the data. 

The objects of this paper are (1) to show the relationship between the 
elimination of variance by a method of adjusting and the segregation 
of variance by the analysis of variance, (2) to demonstrate the use of 


TABLE 1 

THE NUMBER AND MEAN VALUE FOR MALES AND FEMALES FOR BACH OP POUR 

GENEBATIONS* 


QentraUona 

MqU& 

Femalea 

Total 

Number 

Mean 

Number 

Moan 

Number 

Mean 

1 

2 

8 

4 

15 

15 

16 

16 

12 

10 

8 

0 

16 

16 

16 

15 

0 

10 

7 

6 

30 

30 

80 

30 

0.00 

10.00 

7.60 

7.00 

Total 

00 

0-75 

00 

7-00 

120 

8.376 


* Hypothfitloul data lor the purpose ol llluetrallon. 


TABLE 2 

ANALYSIS OP VARIANCE OP THE DATA IN TABLE 1 


Source of Variation 

DegreeB 

cf 

Freedom 

iSum 

of 

Qqiiaroe 

Mean 

fiffuare 

Total 

Between eoneratlon-flox Bubclaasea 

Within Eenarallon-aor flubciQBaoa 

Between sev meana 

Between Eoncrntlon moane 

InternotiooB of Bex Xeonorallon 

110 

7 

112 

1 

3 

3 

702.126 

668.126 
224-000 
220-876 
170.626 
170.626 

81 

2 

227 

67 

67 


adjusting for segregating the confused variability in a two-way table 
when the main effects are non-orthogonal caused by disproportionate 
subclass numbers, and (3) to offer a method of adjusting as a substitute 
for the more algebraic and lengthy least square method of fitting con¬ 
stants. 

ANALYSIS OP VAHIANCB AND ADJUSTING IN BATA WITH EQUAL 

suncLAsa numdehs 

In the analysis of a set of data two problems are confronted—one of 
estimating the variance due to several sources and the other of testing 
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the aigniacancc of tlicso effects producing the variance. In data with 
equal or proportionate Huhclttss luimliorH, llui method of aualysia of 
vailancG gives both an estimation of the variance aiul a teat of aig- 
nificancc. The method of adjusting herein rciJortoil c.an l)c used to 
eliminate the variance for any ofTcCit that can ))c aegregated by tlic 
analysis of variance. Tlic utility of thi.s property of ndju.sting shall bo 
made clear when data witli the disjM'oimrtinnate siiljclasn mimbnr.s are 
dLsciissed. 

For ilhistratiiiR the elimination of variance by titc method of adjust¬ 
ing, the hypothetical data of Tal)lc 1 will be u.scd. The reKulbs obtained 
fi'om. tlieso data by the usual method of analysin of variiunKJ are shown 
in Table 2. 

TADIiE 3 


sui)Ci,A 8 a MEANS OF TAiii.K 1 aojustei) koh nn-Fi:iii:Ncnc.s m he.v means 


0cii«ra(i'ona 

Mattg 

/V/Tirifrj 

Total 

Number 

Mean 

Number 

Mrftn 


Mcitn 

I 

15 

10.025 

16 

7.376 

30 

0.00 


16 

8.025 

16 

11..17S 

no 

10,00 

3 

15 

G.026 

15 

8.376 

30 

7.60 

4 

16 

7.026 

16 

ft.376 

no 

7.00 

Tolnl 

GO 

8.376 

00 

8.376 

120 

H.,175 


AdjuaLccl fnolorn for hoi: MuIo »= —1,375. Foinolo«« 1.1175. 


TAWU? *1 

ANApyeiS OK VARTANCE of TlrE r>ATA IN VAIII.E 3 


Sourcff £)/ Kgriobon 



.Ifrnri 

iVgijfjrfl 

Tolftl 

no 

606.260 


Bolwcon goncrAlloii-ficx AubclAHflcH 

7 

,3(1.260 

40 

WJlhiii KoncrAlion-ficx Bubclaftaeit 

11^ 

T2‘\ .000 

2 

Jlctwcon Bcx mennfl 

1 

0 

U 

DcLvi'Ccn KCncrftlton niCAnn 

3 

170.026 

67 

JntcrnollouH ol XBOJicrftHon 

3 1 

170.026 

67 


As noted in Table 1, the two se.v means dilfer from the grand imniii by 
-{-1.376 for the males and —1.37.5 for the female, h. 't’lK'.se dilTenmcos 
show how mucli each sex is aliovo or below the average of llie entiio 
data. If the individiinls within each sex are a<ljusl<‘<l or corrcc.tcal in mini) 
way that each sex moan will bo equal to the population mean and eipnd 
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to each other, there will, of course, no longer be a difference between 
the sexes. This ean be accomplished by the following equation: 

^Xf + X = Aij ( 1 ) 

where Xi^ is the ith individual in the jth row or column, X^ is the mean 
of the jth row or column, X is the grand mean, and Aii is the adjusted 
ith individual in the jth row or column. It then follows that 


S(Xi^ X,’ + X) 
Nj 


= X, 


( 2 ) 


Aa this is a type of coding that does not affect the variability within the 
subclasses, it is therefore not necessary to correct each value in the sub¬ 
class but only their mean: 


Xi, -X, + X^ (3) 

where Xyj is the mean of the ith subclass in the jth row or column and 
Aij is the corrected mean of the ith subclass in the jth row or column. 


TABLE 6 

SUBCLASS MEANS OF TABLE 3 ADJUSTED FOIl DIFFERENOES BETWEEN 
GENETIATION MEANS 


Qen^ralioni 

MqUb 


Total 

Nutnbor 

Moan 

Number 

Mean 

Number 

Moan 

1 

16 

10.000 

16 

0.760 

ao 

8.376 

2 

16 

7.000 

16 

0.750 

30 

0,376 

a 1 

16 

7.600 

15 

0,250 

30 

8.376 

4 

15 

0.000 

16 

7.760 

30 

8,376 

Total 

00 

8.376 

00 

e,376 

120 

8.376 


Atljuslcd foctora For gonorQtioiiaJ 1, '“0,62B-; 2, —1.026] 3i +0.876; 4. +1,376, 


Such an adjusting procedure was applied to the sex differences in 
Table 1, giving the resulting values shown in Table 3. When the 
analysis of variance was applied to these adjusted values, the values of 
Tabic 4 were obtained. Comparing Table 2 with Table 4, it is observed 
that the variance between generations, interaction of generation X sex, 
and error or within subclasses are the same but the between sexes is 
zero in Table 4, while the total sum of squares is reduced by an amount 
equal to between sexes of Table 2. Thus, the variance between sexes 
has been completely removed without affecting any of the other sources 
of variation. 
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Continuing tho procesB of elimination by adjusting, tho values of 
Table 3 were adjusted for dilTcrcnces among genornliona. The genera¬ 
tion adjustments of the subclass incana of Table 3 are shown in Talde 5, 
An inspection of this table reveals that tliere is still no (lilfci'oncc be¬ 
tween the sex means and now no difCorcncea among the gciieration 
means. The results of analysis of variance are nhowu in Table 0. Hero, 
the total sum of squares is reduced by nn amount equal to tho sum of 
tlw between sexes and between geiu'iatioiis of Table 2. There remains 
in tho data, therefore, only that variation attriljuied t(j the inleraolions 
of sex X generation and tho witliiii subclnas variation. 


TABLE 0 

ANALYSIS OF VAIIIANCB OF THIS DATA IN TAIILE 11 


Source of Varialion 

of 

Frcethm 

oj 

JiqtiafiA 

Mtcn 

Snunra 

ToUl 

110 

301.025 

r’ 

E&iicrtilion-flGx BubolABflCifl 

7 

170.025 

24 

Wilbin gcncrnlion-fiox BtibclnueA 

112 

224.000 

2 

SotWCGA BCX incAnB 

1 

0 

0 

BflU'Don RancmiioD itioatia 

a 

0 

0 

InlomcLlona of eoiXfionorailou 

a 

170.025 

67 


An interesting feature of interaction is obtained from a coinparisou 
of Tables 1 and 6. To illustrato, in Table 1 the difference ImjLwooii tho 
males of generation one and tlie males of generation two is - 1 - 2 . 0 , wliilo 
tho diHorcnce between the females of generation one and the females 
of generation two is —4.0. The range lictwccn these two diffei'cuco.H is 6. 
This is a typo of variation that determines interaction, The dilTcrcncos 
between tho same two pains of subclass means in Table 6 arc and 
—3.0. The range between the two diltcmnccs is 0,0 as before. This shows 
that interaction hos not been affected by adjusting for tho main effects, 
Although the differences may be changed, tho range between the dif¬ 
ferences will always remain tho same. This will bo considered again in 
connection with disproportionate Bubcloss nmnborB. 

The interactions of sex X generation also can be removed from 
Table G, leaving tho Buholass moans oqufll and equal to tho grand mean. 
Tho removal of interaction can bo accomplished before or after citlior 
of the main effects are removed by adjusling for each of three correctly 
chosen seta of means. 

If the analysis of variance ia made considering tho main effects elimi¬ 
nated, the corresponding degrees of fmedora for those effects must bo 
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considered utilized in the adjusting and removed from the total. Thus, 
in the analysia of Table 4 where the sex effect was eliminated there 
would be 118 degrees for total, three degrees for between generations, 
three degrees for interaction, and 112 degrees for within subclasses, the 
one degree of freedom for between sexes being utilized in the adjusting. 
Ignoring the reduction in degree of freedom Avhen there has been a re¬ 
duction in sum of squares by adjusting might result in an erroneous 
conclusion from the data. 

ADJUSTING IN DATA WITH DISPHOPOIITIONAL SUBCLASS NUMBEHS 

In data where the subclass numbers are unequal and disproportionate 
the ordinary method of analysis of variance is not applicable. Snedecor 
and Cox (1936) have pointed out some of the difficulties encountered in 
such data. The principal one is that the addition theorem does not 


TABLE 7 

DATA TAItEN THOM SNEDECOR AND COX (1033) 


Oiticralions 

MaUi 

Femaiea 

Total* 

Number 

Monn 

Number 

MeuD 

Numb or 

Mean 

1 

2X 

76.062 


0.51S 


30.020376 

2 

16 

01.467 


14.080 


31.860126 

a 

12 

66.007 




21.080000 

4 

7 

71-000 




24,077308 

Total* 

66 

07.327201 

04 

0,030101 

140 

31.120820 


The meAiifl for tlio border totals are carried six places In order to Insure n more accurate compari¬ 
son witb tile vnlucB obtained by the least square mothod of httin^; constants. 


apply. It is desirable to point out other direct consequences of dispro¬ 
portionate subclass numbers upon the means of the main effects as well 
as upon the interactions between these main effects. For discussion and 
re-analysia the data given by Snedecor and Cox (1935) vnW be used. 
These are shown in Table 7, where each of the meane is decreased by 
100 , 

There is no question that the subclass means of a set of data are good 
estimates of the parameter subclass means, even when the numbers are 
disproportional, liowevcr, when the subclass numbers are dispropor- 
tional, the differences among the border means are not true estimates 
of the parameter differences, because these differences are determined 
not only by the effects of that classification but include also some of the 
effects that are exhibited in the other or other classifications. In other 
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words, tlic main cHectH arc not orthoRotml, tluc to (llHi)riii)()rllonftl sub- 
class luinibcra. In the example Ibc iliftcience between Vlus sox means 
is no single function of sex but aiso reflocts some of (In; g(Mi(‘i'iiLion dif¬ 
ferences. Likewise, the differences among tiie generation means nob only 
reflect all the clTocts of gonorutions but n part of lliowr dilTcroiu'Cs is 
caused by diffinenccs bcLween st'xcs. Fnudamentidly, this is the pri¬ 
mary I'ca.son the addition tlioorom does not hold—tlie iimin offocis arc 
confounded or non-ortUogonid. 

Of the Kcveral mctlmdH Unit have l)eeii developed for the analyHia of 
data with dispvoporlitnuiU' suhrlaas numhers, the, least H<|uare. incthod 
of fitting conBtftiits, as icixorled by Brandt (tOfllf) untl (‘xtended in its 


TAHr.K 8 

DATA OV TAimn 1 ADIUSTKI) TO XKUO HBX: mn-vuu'.Nci',* 


Qenfrationt 

Afaln 



TM 

Number 

Me&n 

Kum1>or 

Mphii 

N'unilH'r 

Mcnn 


1 

31 

40,7d65:i5 

27 

00.702035 

40 


2 

[6 

26.260M6 

2/i 

35.201035 

40 

31.5130D8 

3 

12 

lO.dOOMfi 

23 

20.700035 

an 

30.1U3080 

d 

7 

a4.7035:iB 

10 

37.074035 

30 

1!IJ.HI0403 

To Ini 

AS 

31.120^520 

04 

31.12O.H20 

141) 

ni.l30HJO 


Ad]uNliii(( fficLorfl for acx diffmiicciK; ^n0-20lH05, Koittfllo^ ■h'Jl.lft'lfUli’}, 

• KxninplLS lo cominjlo 'I0.7'l5ftcl5, Ihe incftn of Uio nmlw lu jidfutruilon mid •-a0.li!OIS20 lo 
70.f)S2 of Tolilo 7, 


application by Ynten (193'1), is ctnusidored to liave (he, \vi<l(*HL rmigc of 
application njid the metst nccumle roHullH. Tlie primary a.«sninption is 
that there arc no iuteractioii.s in th<) i)t)|Hilation fi'oin wlticdi the sample 
is drawn. In tliis method a net of constants is fitted to the data witli tlie 
condition that they dolcrminc a set of Kul)ela.S8 menn.s with zero iiiler- 
actions but with the values of the main efle.cUs uncliimged. Next is cal¬ 
culated the reduction in sinn of .squares due to filling tlui conslanis, and 
from this an appropriate correction for disiiroporlionnlo subclass num¬ 
bers is obtained. 

By the motliod of adjusting, prnelically tlie same re.mills are oblained 
as by the method of fibling cousLimts. With Ihi.s nu'lliod tli<> tissuiii|dion 
is made that the suiii of squares of tlie Hulaihi.vs in<'uii.s lliat. are adjusted 
for the border effects is an ofrieienl eHliinale of the A'liriance due to 
interaction. If tho diilcreaeo lie.tween difTerenees of suIicIii.sh means for 
a given classification determines inlcraelion, tho imimption is highly 
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justified. That is, the border effects are not confused with the inter¬ 
action between these effects. 

By using the data in Table 7, the results of the method of adjusting 
are compared with those obtained by Snedocor and Cox (1935), Con¬ 
sider that the first object is to estimate the sum of squares due to gen¬ 
eration moans. This is to be based on generation means stripped of any 
influence of sex differences. Therefore we shall remove that variation 
due to Bex by substituting in equation 3. This give a a set of subclass 
means that arc not influenced by sex (Table 8). However, as the sex 
means had some influence of generations, as described above, the 
adjusting removed this also. When the analysis of variance is applied, 
the weighted sum of squares between generations is found to be 
1659.13869, This is smaller than it should be for the reason just given. 

TABLE 9 

DATA OF TABLE B ADJUSTED TO ZERO GENERATION DIFFERENCES 



Number 

Moan 

27 

20.727067 

26 

34.872303 

23 

34,033775 

10 

20,284008 

04 

31.345000 



Total 

Mcnn 
a 1.120920 

a1.120820 

91.120820 

31.120820 

31.120820 


AdjuBlinK fnotora for gonoralion difleronccs of Table 8:1. —3.076678, 2. —0,302272, 3. +4.027140, 
4. +1.310333. 


In order to recover some of the generation effects that were removed 
with sex because of the disproportionate subclass numbers, the sub¬ 
class means in Table 8 are adjusted for generation effects. Because of 
the disproportionate subclass numbers, the difference between the sex 
means will no longer be zero (Table 9). By calculating the between sex 
weighted sum of squares, 12.80149 is obtained. This value is part of the 
generation sum of squares removed with sex in the initial adjusting. It 
is perhaps well to emphasize here that the final resulting sum of squares 
will be the result of contributions from both sets of border means. 
Adding 12.80149 to 1659.13869 gives the sum of squares for between 
generations of 1671.94018, a value within the limits of rounding equal 
to that found by the method of fitting constants. 

The next step is to readjust for sex effects. When this is done, the 
weighted sum of squares between generations is found to be 0.19049, 
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As this process is continued, each additional correction vill recover a 
part of tho between gonorntion sum of squares that was eliminated with 
sex initially. In tliia example, however, the amounts recovered after tho 
first two adjustments are very small. The sum of fitpiares for between 
generation, as found in six adjustments, is 1072,14380 or tho sura 
1659.13869 +12.80149 +0.19049 + 0.00712 + 0,00371+0.00230, repre¬ 
senting the first to the sixth ndiusUng respectively. 


TADI.E 10 

DATA OF TABLE 7 Ari'Bn SIX ADJUSTMENTS, THE INITIAL ADJUSIMENT IlElNa 

FOa SEX DIFFERENClca 


(7^71 er off on 

Aral4 

F^mnli 

Total 

Number 

Mwin 

Number 

MfrAn 

Number 

Menn 

1 

21 

37.110607 

WBM 

2a,407440 


31.120^20 

2 

\t 

25.263416 


ai.04l270 


31.120620 

3 

12 

24.702037 

23 

34.4224B0 


31.120820 

4 

7 

30.654203 

10 

20,110066 


31.120625 

ToUl 

£5 

31.120743 

Dl 

31,120874 

14D 

ai.120829 


TADbE U 

DATA OF TAIH.E 7 AnJUSTED TO ZHUO OENBUATION hlPFEUENC'Fn 


Ocneraiion 

Male 

,Fmol« 

Total 

Number 

Moan 

Number 

Mean 

Number 

Mean 

1 

21 

00,062641 

mM 

1.01846L 

48 

91*120820 

2 

16 

00,767701 

wSSM 

13.360701 

40 

31.120820 

3 1 


02.101820 


14.060820 

06 

01.120820 

4 ' 


78.013618 


13.833618 

20 

31.120820 

ToUl ' 

66 

00.4120X0 

04 

10.471378 

140 

31.120820 


AtfjiuMnir rnclon for ganarailon dlfforoncoa of TnbloT: 1. -7.flOOWO,2, *-0,7202lit), 3. -hO.'13'lWO, 
+r.W3aLa, 


Table 10 bIiows the data after the proccBs of elimination is continued 
six times, beginning first with the cliromation of tho sox difTcronccs, 
As may be observed in this table, cacli border mean i.s apiiroximalcly 
equal to tho grand moan. The variablUty among tho Bubchmscs is there¬ 
fore considered duo to tho effects of interactions. Hy calculating tho 
weighted sura of squares for between subchLsaes, a value of 3182.40356 
is obtained. This is, within tho limits of rounding, equal to tho inter¬ 
actions found by the least square method of fitting coiiBlants. 
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By the same procedure the eum of squares for between sex means 
can be obtained. After adjusting for generation effects of Table 7, the 
sum of squares for sex (Table 11) was found to be 108,584.62490, When 
adjusted for sex differences the sum of squares for between genera¬ 
tions (Table 12) was 1594.09223, which is actually due to sex. Then 
108,584.62490 plus 1594,09223 gives 110,178.71713, This value is still 
somewhat smaller than that found by the method of fitting constants. 


TABLE 12 

data of table iz adjusted to zero sex differences 


Generalion 

^ Male 1 

Female 

Total 

Number 

Mean. 

Number 

Mean 

Number 

Mean 

1 

21 

33.760767 

27 

22.257809 ' 

4B 

27.296086 

2 


26.446017 

25 

34.000140 

40 

30.702312 

3 


20.810042 

23 

36.600274 , 

36 

32,500423 

4 1 


42,761734 

ID 

34.482000 

20 

30.700173 

Totdl 

1 56 

31.120820 

04 

31.120820 

140 

31.120826 


Adjvialing IftctoiB for box dittcronoca ol Table 11: —36,291784, Femii\(j 3 '=s d'!i0.94944B, 


TABLE 13 


DATA OF TABLE 12 ADJUSTED TO ZERO GENERATION DIPPERENCES 


QeneralwTi 

Male 

Female 

Total 

Number 

Mean 

Numbftr 

Moan 

Number 

Mean 

1 

21 

37.566508 

27 

20,002740 

48 

81.12Q82Q 

2 

16 

26.774431 

25 

34.328003 

40 

31,120826 

a 

12 

26.340446 

23 

34.130677 

35 

31.120826 

4 

7 

37.103387 

ID 

28.804010 

20 

31.120820 

Tobal 

66 

31.038006 

04 

30,817000 

104 

31,120820 


Adju^tiog faotora Cor gQnor&tion didccdacoB of Tobk 121 1. ‘f3,824.B41, 2> H-Q ,328614, 8, 
-1.400507, 4. -6.68B347. 


However, a considerable amount of sex influence was removed with 
generations and not all was recovered at the first readjustment. Read¬ 
justing for generation differences (Table 13) yields a sum of squares 
between sexes equal to 23.52606. This is also due to between sexes and 
when added to 110,178.71713, gives 110,202.24319, a value similar to 
that found by fitting constants. The next adjusting would yield a sum 
of squares less than 0.50. There was thus needed two readjustments to 
regain moat of the sum of squares for sex that was eliminated with 
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generation in the initial atljuslmcnt. II the eliinmalitm prnceHa in con- 
tinned, a set of subclass vnluos would bn Jibtuinetl Ihal tire i)ractically 
equal to those of Tabic 10, where the iiiilitil adjufitineivt vcinoved the 
sex effect. 

In actual practice it ia neccasary only to fuitl the muiffcc.tod adjusted 
auiii of squares for one of the border effcctH, «h the dilTerence between 
the unadjusted nnd adjusted suin of Kquarcs for one effuet ia ofiual to 
the same typo of difference for tlio other border (‘ffeet. 'I’liua, tliu dif¬ 
ference Ijetwcon the original suni of HquarcjH ftii’ geiicralion (07,'50) and 
the adjii-stcd (1G72) ecjunls ‘1081. To find the miin of nciuarc.H for Ijetwoeii 
sexes Bublract 1084 from the uniidjuatcd mim of Mtniures (111,287), 
■which gives 110,203, ns obtained above for between sexes. IiUevnelion 
may also lie calcvdatcd from the BubclaR.seH tluil have been adjusted for 
either set of border means in the initial adju-stincut. 

Tabic 14 shows the combined rosiilbs of the analyaiH of variance by 
tho method of adjusting. TJic mcau square values wlien rounded off 


TAIILB H 

ANAI-YBIB OV VAIUANCE OV I'AWI.K 7 IIV THK MKl'IK)!) OF AUJIISTINU 


p/Vartnfion 

Dfffrtei 

D/ 

iSum 

of 

liq\Kirti 

Mean 

Sifuart 

NCft tUffMKi 

1 

Il0,20ii.l2 

un.'iinu 

IIot>^con fiQiioindon moAtui 

3 

l,072,a7 1 


ItiioracilDins 


a, iS7.su ' 


WltJlin SubclOABM 

Hi 

m 


are equal to those found by Siicdccor and Clox (lOHS) from fitting con¬ 
stants to the same sot of data. The sums of squares by fclie two mc-thods 
differ because of rounding off and beeaiiso a purt of tho Huin of sciuarcB 
removed in each initial adjusting -was never recovered. 

It will be observed that the dilTcrcnecs between Ibe diffoi iuieca of the 
subclass moans of Table 10 are the .same for correKjionding vaUieH found 
in Table 7. Tor example, tho difference l)ntwoen tho two mulc! subcla.s.sea 
for generations one and two in the uimdju.Hted data i.s + l.'j.lHS, while 
tliat betwoen the female Bubcla.s.ses for gonoration.s iino and two is 
-6.562. The difrerence liolwcon Iheso two differonoc.s is 20.017. In 
Table 10 the difference Iiotwecn the eorro,s))on<lii)g lirst pair of sub- 
olaasca is 11.803170 nnd between llui second pair is —8.183821. Tltc 
difference between those two dirferonee,H is 20.1)1701)0, Dm same ns 
above for the unadjvwtcd data. If inleriiiditm is ilelcrminod l)y such 
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differences, adjusting for the border means has in no way affected the 
interactions. 

Furthermore, the method of adjusting applied to data computed from 
fitted constants, so that the interactions are zero, gives the sanne esti¬ 
mates of sums of squares for the main effects as those obtained when 
the original data are used. Thus, the sizes of the estimates of sums of 
squares for the main effects are not influenced by the amount of inter¬ 
action present. There is also no evidence that the variances for the 
border effects are less well estimated as the departure of the subclass 
numbers from proportionality becomes greater. In such cases, however, 
the border effects become more confused or confounded. 

The adjusted border means may also be calculated by the method of 
adjusting. Such calculated means are devoid of the confounding effect 
brought about by dispi*oportionatc subclass numbers. The adjusted 
mean of generation one is found, for example, by adding to the sex ad¬ 
justed generation mean the difference between the succeeding sex 
adjusted means and the grand mean. Thus, the original sex adjusted 
generation one mean is 35.09640. The same generation after adjusting 
for sex the second time is 31.16235, which differs from the grand mean 
by 0,04152* The third sex adjusted generation one mean is 31.12X44 
with a difference of 0,00061. Furtlier sex adjustments will result in con¬ 
tinually small differences. The mean for generation one will be for the 
three sex adjustings 35.09640+0.04152+0,00061 =35.13863. In a simi¬ 
lar manner, generation two is found as 31.51672, The difference be¬ 
tween these two means is 3.62181. This is in very close agreement with 
the difference between the two (b) constants for the same two genera¬ 
tions. By the same method, adjusted sex means can be obtained as well 
as the difference between sexes unaffected by generation differences. 

Both sets of adjusted border means can be found ivhen the initial 
adjustment has been for either one of the effects. In other words, the 
sex means can be calculated when the initial correction was for the sex 
difference. For example, the sum of the unadjusted mean for the males 
(07.327291) and the differences between sex and generation adjusted 
male means and the grand mean ( — 0.38149 plus —0.005625) equals 
66.938517, By the same method the mean for the females was found 
to be 10.1G3GG5. The difference between the two sexes is therefore, 
66.774852, a difference similar to that between the (a) constants of the 
least square method of fitting constants. Thus, it is necessary only to 
carry out the elimination process for one set of border means and then 
make as many recovery adjustments as may be considered necessary. 
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BUMMAHY and CONCIjUAIONB 

A method of adjusting is clcambctl wlicrcby llic mim of flqimrcs of the 
various aourcca of variance can he eliminated, When tliia method, of 
adjusting ia applied to data with unequal Bubclaas mimbers, it is pos¬ 
sible to obtain a- sum of squeuen for each fiouico of vavianco that ia free 
of the infiuciicG of the other effect, 

The method of adjusUug is applied to data with uueciual suliclftsscs 
that had been annlys^ed by tlic least square melluxl uf fftting constauts, 
that the same resviUtt can be obtained l)y both melhodH. It is 
indicated that the adjusting method is mueli simpler and requiroH less 
laboriouB mathemaiioal computations ilum the method of fitting com 
Bfcants and is tliereforc offered as a Bubstitute for it. 

Although the method of afljuating has nob been tested oxtonslvely 
nor aubjected to algebraic proof, it lias given roHulla similar Lo those 
obtained by the method of fitting constaubs in Hovond hvo-way sets of 
data.^ It acema safo, thercforCj to conclude that the method can be 
substituted for tlio least equaro incthocl in data where tlic latter is ap¬ 
propriate* 
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A PUNCHED CARD METHOD FOR PRESENTING, 
ANALYZING, AND COMPARING MANY SERIES 
OF STATISTICS FOR AREAS 
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Information about small areas such as census tracts, wards, 
cities, oountios, etc., should be available to the consumer in 
a compact readable form. To meet the problem of multi¬ 
tudinous tables in large c:cpQn9ive volumoa, the method de¬ 
scribed below was dovised for the analysis and publication 
of data concerning the neighborhoods of Pittsburgh and 
Allegheny County. By using punched card procedures, making 
use of summary cards, machine multiplication and other 
techniques, a set of cards was prepared containing the social 
characteristics of each area and including perccntilo rankings 
identifying the relative position of each area for a particular 
characteristic. The atatiatical tables were reproduced directly 
from the listing sheets. Instead of repeating iclontical heading 
stubs for each of the tables, ono set of stubs was printed on 
overlapping tab cards bound bo tho right side of the book. 
This alone jnakos for a most efficient use of paper and reduces 
the size and coat of the books. This method of analyzing and 
presentation can be applied to data for cities, counties, and 
metropolitan areas, as well as to small areas within cities. 

T he in creasing quantity of available information for small areas 
such as census tracts, wardSj study areas, cities, and counties is 
malting the work of analysis, comparison, and publication more and 
more complicated and time-consuming. The consumer of statistics for 
a particular area does not usually have the time nor the inclination to 
Spend weeks calculating rates and percentages so aa to determine the 
standing of his city or neighborhood among others. Neither does he 
wish to consult a dozen different sources for his basic information. The 
data should be available to him in a compact, readable form so an¬ 
alyzed that he can see how his community compares with others in the 
most important characteristics for which statistics have been compiled. 

This problem has only partially been solved by the publication of 
tables which show percentages, rates, and rankings for a group of cities, 
counties or census tracts. Physical limitations upon the size of tables 
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necessarily prohibit the presentatioi;i of more than about half a dozen 
series in one table. To obtain information on several hundred series, it is 
necessary to search scores of tables. This necessarily requires a large, 
cumbersome expensive volume. 

Another approach to the problem has been attempted through the 
publication of specially prepared booklets for each area. This is an 
ideal solution if funds are available to coyer the cost of publication. 
Unless the areas are large counties or cities, it is doubtful whether the 
letums from sales can be expected to cover costs. 

The method of meeting the problem outlined in this paper has been 
applied to the analysis and publication of data concerning the neighbor¬ 
hoods of Pittsburgh and Allegheny County. The techniques used grew 
out of experience gained over the preceding decade in the analysis of 
small area data and in their presentation. Through the assistance of 
NYA and WPA projects during the Depression years, many special 
tabulations had been made of local datad Most of these data had been 
summarized in a series of ‘^Social Facts Booklets.These consisted of 
mimeographed forms on which the data were typed. The preparation of 
copies of these booklets proved to be s/oav and expensive, Many users 
were interested in more than one booklet which further complicated the 
problem of distribution. 

Tlie vast quantity of new data from the 1940 Population and Hous¬ 
ing Census which needed to be analyzed and compared with the 1930 
census data, as well as with data from numerous local tabulations, pre¬ 
sented a real problem in clerical man hours. By the time the data were 
available, clerks and calculating machines 'svere difficult to find. The 
choice seemed to narrow down to postponing extensive analyses until 
after the war or of developing some labor saving method of doing the 
job. Because of the great interest in the data for post-war planning 
purposes, it did not seem wise to postpone. Accordingly, considerable 
work was done in the summer of 1942 in the development of a plan for 
the analysis and publication of the material through the use of punched 
cards. 

Since the basic data were available in most instances by census 
tracts, the plan provided for the key punching of one card for each 
census tract for each series to be analyzed. The basic card form used i3 
illustrated in Fig. 1 (Card I, the upper half of the card headings). The 
design of this card was changed many times during the course of laying 
out the iilan for the project. Only the last 21 columns of this card were 

1 Edward B, Olcle, “Tlio Use of NYA Workete ihEcologicnl Studies/ Socta? Forces, Vol. 20. No. 2, 
Docomber, 1041, pp. 218-223, 



360 


AMUniCAN BTATIfiTICAL ASgOCrATION 


manually pimehcd and in uomc iuHtauccs only tUe laat 1() columne. 
These fickle ehowing the denominator or Imee used in computing per¬ 
centages or rateSj the acUiiU percent, rate or average, the innneriiLor or 
frequency for tlic particular area for the pnrticular series, and the area 
code number, wero punched directly from the pu)>]islie<l census tract 
figures wherever possilile, or from carefully prepared work slieetH. The 
fields labelled "Gang Punch I" were then pvmeiw<l hy the repro<hu;ing 
machine to indicate the various cwlea for the parllcular sories. These 
codes will bo described later, After all tlie. cards were puiiclajd ami veri¬ 
fied for the various .scries, Iho cards \vere sorted by tirca number. Pje- 
viously punched master cards were then used to reproduce area codes 
and descriptions into tlio fields labelled “Gang rnneli II, 

Another typo of card form shown in Fig. 1 (Cartl II, the lower half 
of the card headings) waa used to obtain aummarioa of frcciuciicy dis¬ 
tributions for such series as “Monthly Eent of Homes." To compute 
medions for arons made up of two or more censiiB tracts, it was necc.s- 
sary to obtain totals for cacli doss of the frequencies for each tract. 
Columns 3 to 11 on this canl form contained the same nnm cckIc in¬ 
formation na the Canl I form on tho upper half of Fig. 1. 

The area codes were used to Indicate the cwlc luunhcv of the. ciuhvac- 
ing study area, service area, or minor civil (livision for tlio particular 
census tract. By sorting on these codes, it was poasiblo lunehaiiieally to 
punch summary cards for tho various types of summary aroaH. In this 
manner it was not necessary to manually add or to key punch tho 
cards for summary areas, Since tho first two digits of the IMttsburgh 
census tracts indicate the Ward number, it was possible to obtain 
summary cords for wards hy sorting and controlling on tin's number. 
The field labelled "typo of MCB" wos used to designate whether the 
minor civil division was a Borough, Township, or City and whether or 
not tho area fell within tho census definition of nn iirban place. The 
field lobelled “Type of Area” indicated whether tho area was a censiis 
tract, ward, study area, service area, minor civil division, county serv¬ 
ice area, or county ward. These various types of areas had developed 
historically as the moat useful areas for purposes of jjeighhorhood and 
community planning, 

Tho population weight for each area (Field II) was arrived at by 
dividing the 1040 population of Iho area hy 100. It rvaa used as the 
weight of the area in computing tho porceiitilo ranking (to he desci'iljcil 
later). 

Tho Map Coordinate Number was iiflcd to indioato Iho exact posi¬ 
tion of oftclv area on tho censuB tract base map for Alleglumy County. 
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This map was drawn with the possibility of running it through a 
tabulator and to have decile rankings listed directly on the map on 
each census tract as the basis for subsequent cross hatching. However, 
this method was found to be impractical in actual practice, and the 
maps were manually prepared from straight machine listings. 

The reciprocal of the denominator was gang punched in along with 
the area codes where the same base was applicable to a number of 
series. For example, the total population of an area was used over and 
over to compute percentages and rates. By punching the reciprocal of 
population into the cards for all these series, it was possible to compute 
the percentages by machine multiplication. For this a multiplier is 
used. 

The name of the area was gang punched into each card to provide 
easy identification when the cards for each series were later listed in 
order by the percentages. This listing showed the names of the areas 
that were highest and lowest as well as all the shades in between. 

It was decided to use "percentile rankings^' to identify the relative 
position of each area in the array for a particular series. This seemed 
superior to simple ranks because it was independent of the number of 
areas in the array. For the publications herein described, the number 
of areas varied as follows: 


Minor civil divisions 

126 

County censers tracts 

297 

County service areas 

26 

Pittsburgh service areas 

19 

Pittsburgh study areas 

63 

Pittsburgh wards 

32 

Pittsburgh census tracts 

194 


In addition, there were different numbers of minor civil divisions and 
of census tracts in 1930 and 1940, By reducing all ranks to percentile 
ranks, it was possible to indicate the standing of an area in a particular 
aeries without reference to these differences. 

The percentile ranks can be used to divide the areas into other de¬ 
sired groupings, For example, to divide the Pittsburgh census tracts 
into thirds on the basis of some factor, such as average rents, any tract 
with a percentile rank between 0 and 33 is in the lowest third; between 
34 and 67 in the middle third; and between 68 and 100 in the upper 
third. Since the percentile rank has been weighted to allow for the 
population of each tract, it can be used to divide the population into 
thirds, fourths, fifths, sixths, eighths, tenths, etc., on the basis of rates 
or percentages for neighborhoods. 
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In computing thn percentile ranks, the population weights for the 
areas in the array were progressively totaled and printed on the 
tabulated list. This list was then marked off into 100 parts each of which 
included approximately one per cent of the total population. The 
punched cards were gang punched to indicate the appropriate per¬ 
centile rank on each card. The cards were then sorted into order by 
area and listed so as to indicate the significant information, including 
the percentile rank for each area, as illustrated in Fig. 2. 

After percentages, rates, averages and percentile ranks were com¬ 
puted for all areas, the cards were assembled and sorted to prepare the 
summary reports for each area for all series. These area reports were 
considered the final reports from the punched cards and were used as 
the copy for the photo-offsetted sheets bound in four volumes. In¬ 
stead of repeating identical heading stubs for each of the numerous 
areca summary tables, one set of stubs is printed on overlapping tab 
cards bound to the right side of the book. Each of the six overlapping 
tab cards matches with one of six columns of data on the area tables 
which are bound to the left side of the book- This arrangement makes 
possible the most efficient possible use of paper and cuts down the size 
and cost of the books. It also facilitates the rapid location of any de¬ 
sired information for any area in the county. The tabs are illustrated 
in Fig. 3. 

Three types of information are presented in each column of the table. 
These consist of the actual frequency for the particular series such as 
the number of foreign-born persons; the percentage, such as the per 
cent of the total population which was foreign-born; and the percentile 
rank of the area according to the per cent foreign born. This detail is 
shown for approximately 175 series of data in the city of Pittsburgh- 
The bottom part of each table was used to show frequency distribu¬ 
tions without any percentages or percentile ranks for such series as 
population by age and sex, persons per household, monthly rent of 
homes, years of school completed, major occupation group, and type 
of stmeture. Selected information from these series was translated into 
rates, percentages, or averages and was presented also in the upper part 
of each table. 

The preparation of the area reports was greatly facilitated by the 
use of the punched cards to run lists which were photo-offsetted di¬ 
rectly, thereby minimizing typographical errors. The series code gang 
punched into the cards immediately after key punching, was so set up 
as to place the cards correctly on the final area tables. Thus series 101 
was listed on the first line of the first column on the report; series 102 
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on the gecond line of the first column; series 203 on the third line of the 
second column, etc. The final copy for the printer was obtained by 
pasting together two Ustinga for the upper part of the table together 
with the listing for the lower part. Decimal points had to be put in by 
hand and some touch-up work was required. Guide lines were printed 
in red on the final tables to facilitate locating individual series without 
reference to the tabs. 

Considerable interest has been shown in the final volumes by plan¬ 
ning agencies, real estate companies, schools, newspapers, market 
analysts, and social agencies. One volume contains the ward informa¬ 
tion for Pittsburgh; another volume contains the study area informa¬ 
tion for Pittsburgh; the other two volumes are devoted to the 126 
minor civil divisions of Allegheny County. It is expected that the cost 
of publication will be covered by the sale of the books. The cost of the 
analytical work was covered by a special grant from the Buhl Founda¬ 
tion. 

The basic cards are being retained for special tabulations and listings 
for various studies which may be desired in the future. For example, it 
may be of significance to make summary tabulations of several series of 
data for somewhat different combinations of census tracts than those 
which have been used in the past. To obtain such tabulations, it is a 
relatively simple machine procedure to reproduce tlie census tract cards 
for the desired series and to gang punch new area codes. The cards can 
then be sorted by the new area codes and taliulated to obtain the totals 
for the new oombinations of census tracts. The cards will also be 
available for correlation studies to demonstrate the close relationship 
between such factors as average rents and the birth rate, poor housing 
and large families. 

It is believed that this method of analysis and presentation could be 
applied to data for cities in various size classes or regions, to counties, 
and to metropolitan areas, as well as to small areas within cities. The 
chief diffleulties encountered resulted from the constant turnover in 
the personnel engaged in the undertaking, as well ag from problems 
of obtaining sufficient tabulating machine facilities. Both of these 
difficulties were unavoidable during the war period hut would not be 
appreciable factors in times of peace. 



LINEAR IlEGllESSlON FUNCTIONS WITH 
N EGLECTEE VAIHAULliS* 


lIOWAtlU JitNKrt 
/Ittiiois Util Ttlcphonc ('uiiijifliit/ 

Tliifl article <linni»<.H(;H Homn i)re|iorlica of the roiiiimtcd F 
valued olttnitKul liy nitiiiR n liiicur rcKrcHfioii runclinii In in* 
dopL'n(Ieiili)li(<urvulii)iiH l>y (lie iiiudiiid oriciiHluiiiinfed, For the 
f^eucrnl enao where llie furiu ef llie lilleil fiiiictieM )iiny not bo 
correct it id iirovcd llinl (ii) l)ie HutniiliuK vnriaiire of the cum- 
]iiitc(l valued ninl of llin rcaidual difTeri'iirert ia tlie. Haini! no for 
the BpeeinI cadis wlicre llie form of llie fitleil fmietiim i« coTrecl, 
and (b) tim menu Hnuare hia» of Ihn Hcl of coiopoU'd values is 
IcKa tlian, or cc|iini to, Umt of luiy other KC.t of linear uHtiusalcH, 
Thodc and oilier {iroiiertii’H lead to llio aiiRiteMlioii IhuL in 
iniiiimiziiiK tIm incari mputro error, one nr more vnriuldod bo 
ncgieclt'd iiuli'M S'liedocor'd /■' id grealur llinii two. 

I K MAKING foroca.sta on thcbiiaiH of oinpirienl roKff'sab'n fnnelioiia 
fitted l)j' Uic5 nicthod of leust wnmioa, it iu a cojiiinon cxpi'ricnce to 
find the forecasting ciTors to bo bo largo lliat (lioy ciiii lini'dly be 
ascribed to ebnnee ulono. In fitting buoIi funcliDiiH, Iho follow ing pos- 
sibilifcies should therefore be eonsulerrd: 

1. The assumption about the errors of obaervalitm limb uiuh'iiieH 
the least square pvoecdure may nob lit? reuliatie. In imrlioular, 
the errors in the depeudeut variiible may In* w>riidly eorreUiled, 
2. The ftSBumplion about Iho veUiUonBldp botween llie variables 
may nob bo correct. In purlieulur, Ibo eonipleto velnlionttbi)i may 
involve variables not included in Iho regivHsion finu'.lion, or Lbc 
form of lbc rclalionsirn) bolwcon Ihe varialilos inay difler from 
the form of the fitted fiinetioii, 

Tlierc is no satisfactory method now available for deterniitiing, from 
internal evidence, that one of those two dillioultieH, but not llie otlior, 
is present, In fnet, the two diffieultio.s may both be. imisetib. Ily refer¬ 
ring to past experience, however, some iiulieatioii may ho had as lo 
which one is likely to be the principal source of Iroulile. 

Goneider, for example, the problem of fitting n terms in n lime. Heries 
by using a k-pavameter polynomial function of lime, 

* 'I'IiIh nrliiila h (lio roaull of ft Rrurrh for n niic/Ioii (o unh In hinkiiiK a i<ti«li r ninrinK r<«'V4<rol llnrnr 
CQlUimtPii ol Irciul ordliiiHen In a iliiir* rmrer^. Ainonii Hif nn rfliiriJiit^ri vimh piMiip I'liiiifJinril friou d 
futLoUoiiiii davcloiic-d [oliiOy Uy Jtilm U. t'lultU ftml mym’ir, lu vkKUU Ivh'ii khmuh’ (uiuTimn 

worn (rrnlGil nji indDppntlrni vArlnhlcjf In (ryinii lo find llio lirintr fiinGiion IIjjiI iiMiiirniai a il^' Dtppr lrd 
valiiQ of Lho iiiDiin Bfiunro error. U iti a plerinnro lo Aekmiwli;(!|ift ip»y delil in Dr. Hinilli fi<r hiN pncournKO- 
lA&nl iil ^^\ 
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Past experience may indicate that a satisfactory fit to a given set of 
observations can usually be obtained; but that when the polynomial is 
projected much beyond the range of the original observations the fit be¬ 
comes unsatisfactory. In this situation, suppose it usually happens 
that the poorness of fit is duo solely to the computed values of the 
parameters and that, no matter how many homogeneous terma arc 
added to the aeries, a satisfactory fit to the augmented series can still 
be obtained with a polynomial of the same degree (fc— 1) by making suit¬ 
able adjustments of the original parameters. Then the principal source 
of difficulty may reasonably be ascribed to the assumption about the 
errors of observation. On the other hand, if it is usually necessary to 
increase the degree of the polynomial in order to obtain a satisfactory- 
fit to a longer series of the same kind of data, then at least part of the 
difficulty in fitting these regression functions may be ascribable to the 
assumption about the relationship between the variables. 

In this article, the mean square error and some other properties of 
linear regression functions will be investigated for the case where the 
second difficulty, but not the first, may be present.^ Por this purpose, 
the mean square error is defined to be the mean of the squared dif¬ 
ferences, at the points actually observed, between the estimates com¬ 
puted from tliG regression function and the expected values of the 
dependent variable. For the general case where the form of the fitted 
function may not be correct, the following results will be proved: 

1. The mean square error of the estimates is the sum of two com¬ 
ponents, the mean sampling variance and a component which 
may be called the mean square bias. 

2. The sampling variance of the estimates, and of their differences 
from the observed values of the dependent variable, is the same 
for the general case as for the special case where the form of the 
fitted regression function is correct. 

3. The mean square bias of the estimates is less than, or equal to, 
the mean square bias of any other linear function of the same 
independent variables. 


' For ft (liacuflBlon of tlio monn ftqunro error when ncibhor dlOioulty is present, ueo Mn-rkofl, A, A., 
1912, pp. 201-228 (trftnfllfttccl into Germnn by H. Liebmnnn from tho 
BuBsiftn ’2nd ccl.); nlfio Dnviil, F. N-, nnd Ncyman, “EKten&ion of tho Markoff Thootora on IjoclrI 
Squareg," jSia/isb'cnf licBcafch ^reTTioirfl, vol, 2(1036), p. 106. For the cftflo w’licro Ibc errors in the elo- 
pendenb variable mo Bcrlfilly corroJntcd, boo Aitken, A. C., “On Fitting Polynomiala lo Data with 
Weighted ftnd CJorrelftlod Errora," Praceedififfa cf iha Royal Socleiy of Edin\hufQh, vol. 64 (1033), p. 12 1 
also, Dixon, W. J,, "Furthoi- Contributions to tho Problem of Serial Correlation,” Anjials of Afaifte- 
mab'eol vol. 16 (1044), p. 110, and references cited on p. 144. 
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In. tlie aeclion headed “PracUcal Applirnlionfl,” miggcatioiiB will be 
offoi’cd concerning t,Jic use of these propertij's in notiml problems, in¬ 
cluding the problem of making a choice among flovcral linear regres¬ 
sion functions whoro miuiimiin monti srpiure ormr in a Siitisfaetory 
criterion. Employing the suggcstoil criterion tiiriiB out to bn ccpiivnlcut 
to applying n test of signinoanco to the partial regrew)ioii coefneients 
and then neglecting the coiTespomling indepriulent variablos unless 
Snedecor’a F is greater than two. 


SPEC’ll'lCATJOMB AND T)1K0«KM8 

Assume that wc are given n observatiouH of the real variables Xi, 
Xi, ■ • ■, Xk, and 

r - if- + e (1) 

■where each e is a ramlotn aelection from sonre univo-ac snch that, for 
every observation, 

A’flf-e] =» /!-’[<) = 0 , fi « 1 , 2 , • - * , f(), ( 2 ) 

anti where 

^ = E[y}, (3) 

the symbol E denoting expected value. Make no naamnplion as to 
relationship between A'j, , Xk, and Jx^t 


S = BkXx -h IhXi H--h IhXk (4) 


be the general expression for one of the n valuoa of the linear regres- 
eion function of the AT's, fitted to the n obscrvctl values of I' by the 
method of least aciuarcs; that is, let the regresaion coeflknunls Bi, 
Bi, ' ‘ , Bk bo computed by solving the k normal equatioiifl obtiihictl 
by setting the partial derivative of 

i: {BiXx + f?,A, -I- •.. + jhXk ~ yy 

with respect to each B equal to zero (22 denoting siimnmlion over all 
n observations). Assume that the solution is unique; and that it is 
possible to construct the fc orthogonal linear fiinctionB 


Xi = A'l, 

Xj ®= CnXj -f* Xjf 

Xi - CaiXi + C»Xk + A^, 


( 6 ) 


a!fc » CfciXi + CjtjAj + + Xk, 
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with coefficients Cn, Cu, ■ • ■, Cj,.k-i such that 

= 0, I 

0, i 

for i = l, 2, ■ • • , k-j=2, 3, • • • , k'j^i. Let 

<t> = E[f] ( 7 ) 

at a particular observation, for the set of n values of Xi Xi ■ - ■ 
Xk. Let V, , a, 

v’ = B[e*], (8) 

and assume to be finite. Then the main theorems to be derived may 
be written 

(f - i'Y] = E{<l>~^y + k<T^ (A) 

and 

®[E (y - yy] = x) («->/')*+ (n - k)<T\ (b) 

Of more practical importance are the corollaries 

S E[E(f ~Y)yin-k)], (I) 


— E{^~ 4') 

n 

a = — il[2: (/ - Yy] - (n - k)oyn, 

71 

(II) 

^F- Z (/ - 4'y 

Ln J 

and 

= — ^[2 C/ “ yy] -(n- 2k)ayn, 

n 

(HI) 


— — 2 + the sum of k terms of the 


L 71 

n 


also, 

form — { 0-2 - (i; Xi ^]; 

u 

(IV) 

and 

= — iS[E (/ - yy] + 2 kayn 

n 

r 1 _ “1 

(V) 


(VI) 



SGO Hl’ATlB'nCAl. ARHOCUTION 

whcJ'c 6^ is clofnicd l)y the rolatiojiHliipH 

5‘r)=] (0) 

n 

and 

Y' - ^ (10) 

each (f being a raiulmn Keh.'clioii l.lu! aaiiKf jih Uie. t'«, 

but incloponciont of llie *’« iiKtliulcd iji llw> V'n lliiil were used in eom- 
puting IJio /i'fl ill equation (1). 

1)V;UIVAT10N 

Aasume that the cocllicienla !;i, bt, • • •, ht in llu! regrcHaioii riinulion 

bill -I- fWi . 4- bkXk 

liavc been coniptibcd liy llic iiioUkhI of least miiuireH so ns to inininnuc 

23 (/ija:i -|* bill •('•■• d- btxt — 1')*. 

(In solving notnnl priibleins it is not lunressary to make llie transfor¬ 
mation to orlhoRonnl funetions; but llie. fiirHu'r disi'iissimi is simpli¬ 
fied if we assume that it has been nnuie.) 'I’lien from ((1) wi' see the 
normal equations take tlic form 

bt 23 *1* = 23 


11*23 *** 

It ia known that uudoi Lhcao comlilinns, 

H- ^23^2 - -I- }}j^Xh f (12) 

where/3s defined by equation (4), 

Wo are now ready to derive tlm sampling variance of /. From ('(pm' 
tiona (11) and (12), wc have* 

^_ai23a:iy , , , rkTr^aV 

J — 1 ^ • {Ui) 

a:,* 23 a-a* 23 

Replacing Y with ^H-e, wo obtain 

' Compnro I>riv)H/ II, T,, 2V<tf An(iti/»in fi/ l^evfiotmc VVirif iSfrirs. IlM J. |t. IHL r«|iihfiiin (li); JoiifH, 
11. L„ “rULhiK Volyiioinlal TcriwI« iti l»y tlw MpOhuI ivl Joutihil o/ffta 

Awicrfcari /naociufio/i, vol. 98 p. ^53, Ofilialfiipin (7) Aiid (H). 
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si 53 

+ 


+ ' ■ 

■ + 

iKfc53 


53 

53 

a:i53 

-1- 

X2 5 i X2€ 

1 . . 


XkJ^Xke 


r 


“T ■ ’ 

. 

"T 

71 

(5), and (2), 

we have 




®i 53 


xz ^ xz^l^ 

_L . 

, 1 

Xk 71 Xk'l' 



5 :^ 2 “ 

“T * ' 


53®*“ 


At a particular observation the sampling error in / is, by definition, 
that isj Let 

r = / - (16) 

Then from (16), (14), and (15), 

Xk'^Xke 

iFrom (6), (17), and (2), 

= ^[f] = 0 (18) 

for every and every observation. Also, from the specification that e 
is selected at random, we have 

E[(ri.] = 0 (19) 

where the subscriptg r and s denote different observations. From (8) 
and (19), the expected value of the square of (17) may therefore be 
written 






E\,-^ = ^ ^ “ j_+ . 

(2:^.*)* ^ (E^.*r 

2.Tia:22^ XiXiff^ 2 x 1 X 3 53 

53 a:i*23‘I'a' 53®i“2^a“ 


a:*“53 


^ 2Xk-iXi,J2 Xh-iXk<T^ 

53 a:fc_i^53 

or, from the orthogonal property of the x'a, ec[uations (6), 


E[^^] = 


Xi^ X2^ 

^ - 7 + 


+ “' + 


-I- 

ifc‘/ 
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This ia the sampling variance of/iita imrliciilar oliHorvaliou Simimin 
over all n observations yields “imiinnig 

We next derive the sampling covariniicc of V uiid /. Tliis m.iv K 
defined by the crjiiaLioii ^ 

where ^ denotea sampling covariance. In Ihis case, by Kubsliliilinfr n 
oquiy.o„t y.i„cs Of 1',/, Eli-), „„,i £,/) “ 

AYf] = Kl'I'i + €0 + d] = A’ltf]. (22) 

Multiplying equation (17) by t, we obtain 

,f = j.,..-f..!; 0-.. 




(23) 


whence, from (8), (10), mui (20), 

t E+ • ■ ■ + j "■ «le| . , 

that is, at each observation, the sampling covariance of V i r ■ .i 
same as the sampling variance of/. Wc liavc immedinlcly^ ' ^^ 

/, So wX:' ■" 

From (21), (17), (16), (ig), and (2), tliis equation bocomcH 

(/ - vt)*) =■ i: (0 - (2.5) 

which completes the derivation of Theorem (A) 

..... 

ElEtf-y)>l=E[i:(/-^-0*j 

E 2^ If), (20) 
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From (16), (5), and (2), 

^[Z) KiA - f)] = 0. (27) 

We have, therefore, from the combination of (26) with (25), (8), 
(27), and (24), 

^[Z; (/ - yy] = Z: (.^ - ^)2 + (w - k)a\ (28) 


which completea the derivation of Theorem (B), 

Corollaries (I), (II), and (III) are easily derived from Theorems 
(A) and (B). 

The bias of the regression function, /, at a particular observation is 
defined to be the difference 0—Its mean square for all n observations 
ia given by Corollary (II). Some additional properties will now be 
derived. From (16) and (6) we have 


whence 


Z a:i“ Z 


Z (<i> — V')* = Z i/'* - 




z#. 


(Z 

(Zf^_ 

Z 


(29) 


(30) 


Combining (30) with Theorem (A), and dividing by leads to Corollary 
(IV), 

It is to be noted that if a set of orthogonal functions ii, iz, • ■ * , Xi, 
defined by equations (5) and (6), has been computed for ti observa¬ 
tions of Xij X 2 f ’ ’ * ^ Xif the addition of a new variable and then 
transforming to a new set of xi, 0 : 2 , * • • , satisfying (5) and (6), 
requires the computation of but one new orthogonal function, Xi^ij 
the functions iCi, X 2 , ■ - ‘ , rCf remaining the same as before. From this 
fact and equation (30), it follows that adding a variable to an 
original set of variables Xi, X 2 , * * * , X,- and then recomputing a 
least square linear regression function of the variables can not possibly 
increase the mean square bias, since each term following iu equa¬ 
tion (30) must be negative or zero. 

A more general statement follows from a comparison of equations 
(13) and (15). Since/ and 0 are seen to be of the same functional form, 
it is obvious that among all functions of the linear form 


^ = 0 iXi + ^^2X2 + * • ‘ + pkXk 


( 31 ) 
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tUc pai'ticultti’ one that miniimzoH '« defined by 

(16). In other wokIh, if 

iff' = iSi^A'i *f- (32) 

Is ft linear function of Ai, J'lfa, • ■ •, Xk, only, finch Dint 

<>'9^^ (33) 

for at least one obsorvalion, tlicn 

(^ — f)* < 5^ -> (34) 

(A linear fnnetion with a cnnBlnnt term in lt> he voRnnlcd as llm special 
case where Aisslf otherwiBC, it might he an exception.) 

To derive (Jorollary (V), we first expand obtaining 

BiJKf- vy] *')’! 

2^-1- i:(*')H-2i:f(^-iA) 


-2£€^4.-*V')-2Ef‘'}- (35) 

From the spocificftUous of t' following cciualiun (10), we write 

7!l(r«'] = 0, (30) 

and 

-- <r*- (37) 

Equfltion (36) therefore rcdiiccH to 

Ii[T, U “ 1^')^] = Z (^ - 'I'y -1- (n H- h)a\ (38) 
Combining (38) with Theorem (B) yields 

A’li: (/ - yy] = kIT. (/- i')’l -h (30) 


Dividing by n, and combining with (0), eonipletcs the derivation of 
Corollnz*y (V). Coinbining (III) and (V) leads to Corollary (VI). 

PHACTlCAIi Al’PJ4CAriONfl 

The theorems and corollaries in the preceding seeliouw wore derived 
for the general cft.se where the relationship hetween llv(^ indcpeinlcnt 
variables and the expected viilun of the dependent vnriuhle. is not 
specified. This enso is broad cnongh to cover silnali'nis whise Die 
linear rogression function neglects Hoino of the indepz-iKh-nt variahles, 
including terms of the second niul higher clogriics in llie variiilzIcH lliai 
do appear in tliis function. More simply, w(> can ulways think of tlio 
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differences "between the expected values of the dependent variable and 
the expected values of a linear regression function, when such dif¬ 
ferences exist, as constituting a set of values of a single neglected vari¬ 
able. In the following paragraphs, the application of the theorems 
and corollaries to practical regression problems will be considered for 
the case where one or more variables are neglected. 

Suppose several independent variables are being considered, and 
it is desired to investigate various combinations for predicting the 
dependent variable or estimating its expected value. Let m be the num¬ 
ber of such independent variables (including Zx=l if the regression 
function is to include a constant term^ 5i), and let n be the number of 
observations. (It is desirable that n—m be large.) We may first com¬ 
pute the sum of the squared residuals for the least square linear re¬ 
gression function of all m variables and divide hy n—m. Let us desig¬ 
nate the quotient s^. Then from Corollary (I) we know that the 
expected value of is equal to or greater than (r^, the sampling variance 
of tho dependent variable. In this sense, is a conservative estimate 
of 

We see from inequality (34) that the 7n-variable function has a mean 
square bias less than, or equal to, the mean square bias of any other 
function of the same m variables that is of the same linear form—for 
example, any such function whore one or more of the variables are, in 
effect, neglected by setting their coefficients equal to zero, Suppose we 
assume the w-variable function to be unbiased. Wg can then use 
Corollary (II) to estimate the mean square bias of any other linear 
regression function, of any k variables. We compute the sum of the 
squared residuals for this fc-variable function, and subtract (n—/c)8^ 
where ia the estimate of cr^ previously obtained by employing all m 
variables. The remainder, divided by n, is the estimated mean square 
bias. If the quotient should turn out to be negative for a regression 
function which employs no variable not included among the inde¬ 
pendent variables used in computing s®, it should usually be ascribed 
to chance and not interpreted as evidence that the fc-variable function 
has a smaller mean square bias than the m-variable function, as 
inequality (34) shows this latter interpretation to be incorrect under 
the assumed conditions. Note that if the estimate of o-^ is too large, 
the usual tendency, the mean square bias will tend to be underes¬ 
timated for all the regression functions, the expected value of the error 
being proportional to (n —fc). In many comparisons, however, these 
eatimatca may nevertheless be indicative of the rank of different 
regression functions with respect to bias. 
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To estimate the mean square error, as mcasurwt from the expected 
values of the dependent variable, Corollary (III) suggoeta that tho 
mean square residual be rcdvjced by (ft—2fc)s*/n, where 8® is compvited 
as outlined above, The special case where Ja is iutcrcsling, for then 
the mean square error and the menu square residual ha\'c the samo 
expected value. If the wt-vnriable function used to coiiii)iitc! «* is biased, 
however, tho estimates of the mean square error will tend to lie too 
low for A<ift, and too high for k>^n. For tlic 7«-variul)Io function, 
the combination of Corollurlos (I) amt (III) aiiggests esliniatiug the 
mean square error by multiplying the mean square residual by 
'ffifin-m). As before, tho resulting estimate will be unbiased if the 
regression function is unbiased at every observation; otherwise, tho 
estimate will tend to bo too low for m<^n, and too high for 

In many problems of estimating a variable, it is useful to estimate 
the quantity 5® ns defined by equation (9). It is the expected value of 
the square of the standard error in estimating a new sot of values of the 
dependent variable where these values arc assumed to be constructed 
by replacing the random clemonta in the original observationH by new 
random selections from the same univeiac. In general, 6* is equal to the 
sum of (1) the expooted value of the mean square of tho diffcTencoB be¬ 
tween the estimates ond the observed values of the dependent variable, 
and (2) twice tho mean sampling covariance of these observed values 
and tho estimates,® 

To estimate 6® for a least square linear regression function, Corol¬ 
laries (I) ond (V) suggest that tho mean sriuaro residual be increased 
by 2fcs®/n where s® is computed from the m-voriablc regression fvmclion 
previously defined. In making a choice among several regression func¬ 
tions, 6’ may be estimated for each function, using the sjunc a®, to deter¬ 
mine the function for which tho estimate of fi® is Bmnllost. For the ni- 
variable function, wo may estimate i® by multiplying tlic mean square 
residual by (n+m)/{n—m). Corollary (VI) shows tliat i® difTors from 
the expected value of the mean square error by the constant a®. It is 
therefore immaterial whether otic or the otlier of these two criteria is 
used in choosing a regression function, provided the same cstiinalc of v® 
is used. In either case, if a® is overestimated, tho aelccLion will be biased 
in favor of the regression function with the smaller number of varinbles. 
However, estimates of 8® have the important property, not powinsaed 
by estimates of the mean square error, that their expected values are 
always equal to or greater than tho quantities that are being estimated, 
for a random selection of regression function under the asauincd condi- 

* Ifcla (lIDloult to tliluk ol ft ruIIqIiIq QfttitR loT ft, PQTUftpB ilnnHard T« 9 iiliinl voiiJtl do. 
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tions as to the random component of the dependent variable. In this 
sense they are conservative estimates. When the estimates themselves 
are used to determine the choice of function, however, there may be a 
tendency to underestimate 5^ for the function chosen. 

There is an interesting relationship between the estimated value of 
6^, as a criterion for deciding which variables to neglect, and the usual 
tests of significance in multiple correlation and the analysis of variance 
where the null hypothesis states that the partial regression coefficient 
of the expected values of the dependent variable on the observed values 
of an independent variable is zero. The 6^ criterion rejects the independ^ 
ent variable—that is, sets its coefficient in the estimating function 
equal to zero—unless or F, is greater than 2, where / and F refer to 

Student's” t and Snedecor's F, respectively. To make this clear, let 
us suppose that we are given n observations of the dependent variable 

Y and the independent variables Xi, X 2 , ■ ‘ , Z*, • — , Zz, ■ • •, 

k<l^tnj and that we have computed the linear regression functions 
fk) fh and fm from the first k, the first Z, and all m variables, respectively. 
Then if dje^ and di^ are estimates of P lor fh mdfij computed from the 
formulas 

s’* = E (/« - Ymn - m), (43) 

— [L (fk - Yy + 2ks^l (44) 

n 

and 

= b [2: (/j - y)» + 2ls»], (45) 

n 

and if wc compute 


[E - Yy - E (/2 - Yy]/ii - k) 

j:(U-Yy/(n-m) 


(46) 


it can easily be shown that d <dk^ if and only if f?' > 2, The critical value 
of F (or corresponds to fairly large probabilities with respect to the 
null hypothesis referred to at the beginning of this paragraph. 

The proper choice of criterion depends, of course, upon the purpose 
in applying it. If it is important not to include an independent variable 
in the estimating function unless there is strong evidence that the par¬ 
tial correlation of the variable with the expected values of the de¬ 
pendent variable is different from zero, the i or F test may be applied 
in the search for such evidence. On the other hand, if it is important to 
have unbiased estimates, then it must be kept in mind that a value of 
or F greater than one supplies some evidence that setting the tested 



368 AMERICAN BTATIBTICAL AflSOClATlON 

coefficient or coefficients equal to zero will result in biased eBtimates; 
and that there ia no test, based on sampling theory, which supplies 
satisfactory evidence that the "true" partial regression coefficient is 
exactly zero (except in special eituatioiiB, ns when ndmissiblo hypoth¬ 
eses state the coefficient to bo zero or one). In deciding which 
variables to neglect, the S* criterion should not be useil in attempting 
to answer the question aa to whether tho "true” regrcasioii coeflieient 
is different from zero, but only in trying to find the funelLon that re¬ 
sults in estimates with the smallest mean squani error. 

Corollary (IV) throws light on tJie problem of choosing a criterion. 
It shows that adding one more variable, X*, to a linear rogresaion func¬ 
tion reduces the expected value of its mean square error if and only il 

(2 (47) 

the left-hand member of this inequality, divided by n, representing the 
reduction in the mean square bias, and the rlglit-hnn(l member, di¬ 
vided by 71, representing the increase in tho mean sampling variance. 
In testing a single variable, Xi, the objective in using the 6* criterion 
ia to retain this variable in the regression function wlieu inequality 
(47) is true, and to neglect Xi wJioii (47) is false. A n underlying premise 
is that tho risk of accepting (47) when it is false is of nlKMiC the same 
importance as the risk of rejecting (47) when it is Inn?. On the other 
bond, the objective in using tho F or I test is to negluoL the variohlo 
Xi in the regression function when 

(2 2 “ 2 ^ 0i (48) 

and to retain tho variable otherwise. Tiie common use of this lest with 
a small probability as the basis for making (Iccisioiis rests on tho 
premise that tho rislt of rejecting (48) when it is Irne is very important, 
while the risk of accepting (48) when it is false is comparntivoly unim¬ 
portant. On account of the difTcrcnco in the relulivc impurlunce at¬ 
tached to the two kinds of risks, the F test sonielimcs loads to the non- 
rejection of (48) where the {* criterion lends to the ac»;(‘pUmcc of (47). 
As usually employed, the F test frcquoiilly tells us to rcjlniti n wirinhlc 
in tho regression function, but never tells us to lu-gloct one. Tlio 4’ 
criterion does both, tho decision to re.tniii n variidilo dciicnding on 
whether the gain in reducing the mean square bias appemrs to outweigh 
the increase in tho mean sampling variance. 

In fitting empirical functions to a set of observulioiiB Ihero ie no 
assurance, of course, that or any other critoiion will bo HatiHfiictory 
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for unobaervod points outside or inside tbe region of the observations, 
or even for recurrences of the observed combinations of values of the 
independent variables if some variable not considered affects the de¬ 
pendent variable. There are also problems where our assuinptionB as to 
the random component will not be sufficiently realistic. Only practical 
experience can determine which assumptions and what criteria are 
most useful for any given type of problem in a particular field of re¬ 
search. 

Linear restricHons, In computing partial regression coefficients 
Ba, • , Bm, it is sometimes desirable to impose the condition that 

the computed values satisfy c consistent independent equations of the 
form 

“iiBi + aoBi + • ‘ + aimBm = yi, {i = 1, 2, • • • , c), (49) 

where the a's and y'b are specified constants. A special case is that 
where these equations are all of the simple form 

B, = 0, (60) 

Imposing the condition that the computed values of the B's satisfy c 
equations of this simple form is equivalent, of course, to neglecting c 
independent variables in computing the regression function. 

In general, it can be shown* that requiring the solution for the re¬ 
gression coefficients to satisfy c equations of form (49) is equivalent to 
making a linear transformation of the variables Y, Xi, Xa, • ■ ■, X™ 
and then neglecting c transformed independent variables. It can also be 
shown that if, for every observation, equations (3) and (3) are true for 
f, «, and every X,- in terms of the original variables, they are also true 
in terms of the transformed variables, a® and each t remaining un¬ 
changed. Hence, if the transformed variables can be orthogonalized, 
all our theorems and corollaries bold, provided fc be replaced with to— c. 

* Sco Wilkfl, 6-, Mathemutical Slatisliest 10d3, pp, 171-172. Tlioro it Jb Bpeolficd Umt tlie random 
oOTQTTOiiBnl tho vMiablc is nOTTnuUy dUlr^butcd n^bout r liiteRt futitllon of tbe Lridapondeivt 

varinblca. The dlfiqUB^ion of the IranBrormation is ^uOlclontly general, howovor, to coyor Itig crbq con- 
Bidercd in tills nrllqlc wlioro nolthor Iho functional lelatlonBhip between tho variablca nor tbo form of tlie 
diBlribulion oi the random component ib BpGciilcd. 

Incidentally, tliia diacUBslon scLtlcB a question rnised olGcwhora by ILe present writer as to wbother 
a least Bquaro aolulJon rcBultB In the unbinecd estimate with minimum eampling yariancQ wlicD the solu- 
tlon is Bubjoct to a linear rcelriolion on tbo paramoterB. Sco rcforenco in footnoto 3 jupra, p. 469. 



THE ANALYSIS OF LATIN SQUARES WHEN SOME 
OBSERVATIONS ARE MISSING* 

D* B- De LrUnv 
Virginia Polytechnic Imlilute 

Tho (liflCUBBion of Urn iniwHing-vahu) pnililuip if* given ex¬ 
plicitly for ft biologicul n«ttay wliidi ompliiyH ft 4Xd Intin 
aqiinro in acvornl roplicfttioiiw. However, llio inulboflH Qto 
caaily adapteti to any latiii Hquiiro ftnd lo variouB other do- 
fiigna na well, 

LIcthodH of ftiifilyfllBj when Bomo (jljw^rvotioiiH aro iniHahig, 
nro discuHSGd for Lho following cnaca. 

<1) One or more "flinglo" ohacrvfttioiiH uro misHing, 

(2) Several columns nro miaHing* 

(3) One column ih niinHing. 

(4) Two GoUnnns arc iniBaing. 

(5) One column and ono or more ainglo uhaervAtions aro 

I NTnoDi/cTioNa Devices Avliicli can bo used to simplify lho statistioal 
analyois when some of tlio obsorvnlioim nro iniKHint; from a latin 
square have been <liscuHBcd by Yates (U and l^y Yaton and Halo [2]. 
These cliscuBsions cover most of tho cases of jiraclical importance^ but 
in certain situations, for example, when a laLin Hfpmro (jf fixed size ifi 
in routine use, tho methods and results given in theses piiiiors can bo 
reorganized so aa to increase coiiBiderably tlio simplicity of tiio form nine 
and of the nritlimetic required for their application. Ulu* latiii scpuiro 
arrangement suggested by Bliss and Marks [4] for use in tlio assay of 
insulin illuatratea such a situation. Thia jmper diHCUSHCH tiic amilyaiH, 
when some observations are inissing, of this specinc dc.sigii, which is 
described in section 1. Modifleationa appropriate to oLlior designs Hhoiild 
be fairly obvious. 

1. This assay is designed to compare the potencies of Livo j^repara- 
tions, which may conveniently bo called the “staiuhutP' and the ‘bm- 
known.” Each preparation is administered at two (ln.sag(j levels, wliieh 
usually are made the samo for both preparatLoiiH umU'.r the usHuinptiau 
that the potencies are equal Each experimental animal is given each of 
tho four doses on four dilToionfc days. The ohsorvationH on four animals 
are arranged in nlntin square, corresponding to days, ‘^lolumns" 
to animals, and “treatmonts” to dosos. Tliis Intin K<niur(‘ is ropentccl 

♦ A paper preaented al llic 105lh Aniiunl Mrclici^i of llio Anii-rirmi HUfi'illfvil AhHorfnlion, lo ^ 
joint flOflafon. of lho Ulomotricd flocUon ainl lho Jimlllulo of MAUieinnllcftl HUiUlIca, C/lovoland, Jmiu- 
ary 25, 104ft, 
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several times, using different sets of animals, each set with its own ran¬ 
dom arrangement of doses, but administering the doses on the same 
days. Thus if r replications are used, the assay involves 4 r animals and 
yields 16 r observations» 

Assuming that the effects of rows, columns and treatments combine 
additively, the analysis of variance table rends as follows when no ob¬ 
servation is missing. 

Sources of variation Degrees of freedom 

columns (animals) 4r''l 

rows (days) 3 

treatments (doses) 3 

residual (error) 12r-6 

The three degrees of freedom exhibiting differences among treatments 
are subdivided into 

1 for the distance between the two dose-response lines, (i!>) 

1 for the common slope of the two lines, (5) 

1 for the departure from linearity of the dose-response curve over 
the range of the test (C), 

Since the response is linearly related to the logarithm of the dose, the 
difference between the logarithms of the potencies of the two prepara¬ 
tions is given by / D/B, where I represents the difference between the 
logarithms of the two doses. ([4] page 188.) Validity of the assay re¬ 
quires that B differ significantly from zero and that C be not signifi¬ 
cantly different from zero. 

These calculations may be illustrated on the data of Table I, which 
gives the observations, in milligrams of glucose per 100 cc. of blood, 
obtained in a rabbit assay of insulin, The latin square arrangement, 
with 4 replications, was used. The treatments, assuming the same po¬ 
tency for unknown and standard, were: 

treatment 1—0.30 units of the unknown preparation, 

“ 2—0,60 units of the unknown preparation, 

“ 3—0.30 units of the standard preparation, 

“ 4—0.60 units of the standard preparation. 

The number of the treatment is recorded under each observation. 

The analysis of variauco table is made up using the ordinary rules for 
such Gomputaiions. The sum of squares arising from differences among 
columns is given by [(210)^+(246)^+ ■ ■ ■ + (288)^]/4 —(3782)V64, 
and similar calculations furnish the sums of squares for rows and treat- 
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menta. The residual Biim of squares ia obtained by subtracting from 
the “total" Bum of squares, those for columns, rows, and troatinonta. 



d.f. 

B.S. 

m.B. 

columns 

16 

10,327 


rows 

3 

037 


treatments 

3 

3,480 


residual 

42 

2,680 

01.06 

total 

03 

17,330 



No importniico is attached to tcslhiR for Bignificanco tlio treatment 
sum of squares, but since the validity of llie assay doiicnds on the 
significance or non-aignificanco of the qunnlilioa li and C, Ihoso must 
ba tested. It is convenient to cnlculato li, C and D according to the 


follo^ving sohomo. ([4], imgo 184,) 




treatment number 

1 

2 

3 

4 


treatment total 

1078 

846 

1047 

812 

divisors 

D 

+1 

+1 

-1 

"1 

4\/r«8 -h 8.00 

B 

-1 

+1 

-1 

+ 1 

4.>,/r=8 -68.60 

C 

-1 

+ 1 

+ 1 

-1 

4\/r-=8 -b 0.25 


This array implies that [(1078)(-}-l)4-(854)(+l)d-(10-47)(~l) + 
(812)(-1)]/8 = 8.00, etc. 

Tho value of D may bo tested cither by calculating \ li\/6, whore 

ia tho residual moan square, and entering tlio Hablo with 42 d.f., or 
by calculating and entering tho i^-tablo with ni = l, nas=42. 

Here tho value of B is highly eignificant (t»7.46, P<10“*). Tlio value 
of C may be tested in exactly tlio eamo W’ay. In this caso it is obvious 
that C does not differ significantly from zero. 

Since these tests give no reason for doubting tho validity of the ns- 
sumptions undotlyJng tho analysis of fclio assay, tho logarithm of tho 
ratio of the potencies may bo computed oa 

M = (0.30l03)(8.00)/(- 68.60) ■=> - .0412, 
with an estimated standard error given by 

s7VB* -i- D* 

-- — -- = 0.0320- ([4], formula (4).) 

2. Tho simplo annlysia outlined above breaks down \vlien an oli.sor- 
vation ia missing and constants must be fitted to soparnln oul the con¬ 
tributions of rows, columns and treatments. In order to set uji the 
problem in aymbola, lot ropresont tho obsorvation in row t and 
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column where h = k j) denotes tho treatment in row i and column j 
provided by the latin square arrangement. Under the same assumptions 
that were made in the analysis given above, the equation representing 
the dependence of y on its row, column and treatment may be Avritten 

(2.1) Yiik m + Vi + Ci + tftf with r,- = X) ^/ = Z) = 0- 

Tlie r% c^s and Vs represent estimates of the deviations, from the 
general mean, of tho average contributions to the observed values of 
rows, columns, and treatments, m is the estimate of the general mean. 
Yiik is the estimate of the mean response to treatment k in row i and 
column J. In order to bring it into conformity Avith the standard form 
of regression equation, this equation may be written 

(2.2) Y{jk = m + X + 23 

CT (5 -y 

where = 1 or 0 according as p = ^ or and the summations extend 
over all rows, columns and treatments remaining in the assay, (This 
form of the equation is needed in section 5.) The 5*s are the independent 
variables and the r^s, c's, 1% and m are regression coefficients, chosen 
to minimise jS(j/—F)^, where S denotes summation over all the obser¬ 
vations. Tlio minimizing of this sum, subject to the restrictions X^^^O 
etc., may be carried out by introducing Lagrange multipliers and find¬ 
ing the unrestricted minimum of 

<l> = Siv- Y)^ + 2XE r, + + 2^1^ f*. 

The derivatives of <#i with respect to m, the r^s, c^s and Vs, and X, ji and 
y, equated to zero, provide a set of normal equations which determine 
the values of the regression coefficients. 

When no observation is missing these equations are very simple. Using 

0 to denote tho sum of all the observations, 


R<“ 

a u 

a u a u 

« 

in row i 


Ci « 

(( a 

f( (f (f t( 

u 

in column j, 


T, « 

i( (f 

u U tt l( 

u 

on treatment h, 


tho normal 

equations 

are 






16m 

= 0, 





4m + 4rr^ + X 

= Ri, 

i = l,2, 3. 

4, 

(2.3) 


4m + 4c^ + 


J = 1, 2, • • . 

dr, 



4?’m + 4r4 + v 

= T,, 

fc = 1, 2, 3, 

4. 
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Tlio sohitiona follow oftsily. 

m = (?/16r, r, = Rt/Ar - <7/10r, c, = C,/4 - G/16r, 
Z* = r;i/4r ' G/lOr, X = /i = V = 0. 

The resicUiftl sum of squares, obtuiiicd by npiilyiiig a slamhud least- 
squares formula, is given by 

(2.5) S(ij - r)’ == Si/® - in(? - 52 ’’•■/if - S «/'f - 52 fk'A. 

Now S 2 /*-?nG=iSy*—C/Vl6>'>s ‘^lotiil” sum of winavi's of the analy¬ 
sis of vnrinncB, and 52’’fff< = 52^'^((f'Jp'/'lr—G/lflr) = (^lii^)/‘\r—G^/l{Sr) 
is the sum of squares properly a.scribcd to vnriiitum nnioiiK i-owa, uiulis- 
turbecl by diliorcncca among columns and nnioiig treatments. Similarly, 

5^ CjCi = (52 Ci®)/4 — GVlb'* is ilio "column” sum of Hquares, 

X “ (X) 'A*)/4)' — GVlOr is the "trcnlmonl" sum of squares. 

These sums of squares arc the same as tho.se entered in tin; analysis of 
varianeo table of Boction 1. It is to be remarked also that the combina¬ 
tions of observations designated U, C, I), arc linear function.s of 
< 1 , fj, h, li. For example, i3 = \/r(“<i‘l'fj-<rh<i). 

3. When some observations arc miasing, the setting-up anti solving 
of the normal equations avo in general very laborious. IJowovtjr, in some 
ca8c.s, the equations arc simple or can be made so by cniidoyiiig .suitable 
devices; in others, the normal crpiationB may bi! avtiiilcd tmtirely by 
using “missing-plot” formulae. The purpose of Ihi.s piqier is to explore 
these two situations, providing approjiriato formulao when jiossiblo 
and illustrating devices which may be used when a solution by means 
of formulae is not practicable. No particular no\'elty is ('bumod for 
most of tliis disciis.sion. It represents simply a colloelioii of methods, 
most of thorn well known, for application to a .siiecifio proltlein. 

The cases to be considered arc the following; 

(1) one or more singlo observations are missing; 

(2) sovoral columns are missing; 

(3) one column, is missing; 

(4) two columns are missing; 

(5) ono column and ono or more single observations aro inis-slng. 

Cases (1), (3) and (5) may be treated by moans of forumbu^; ensos (2) 
and (4) require tho solution of a set of normal ec|uati<inH. 'riio inoro 
general situation in which several columns and ono oi‘ more Hingle ob- 
sevvationa are missing i.s not discussed, .ninco no simiile formulao arc 
available in such eases. 
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4. Case (1). When one or more single observations are missing, the 
solving of normal equations may be avoided by applying the argument 
given by Yates [3], which, in brief, runs as follows. Suppose that the 
normal equations have been solved for the values of m, the c's and 
Then Y{jk=m+ri+Cf+ih is determined so that Siy—Yy is a mini¬ 
mum, subject of course to the restrictions etc. Suppose also 

that the Y-values corresponding to the missing observations are used 
to fill in the gaps in the table of observations. Now let — 

-\-i\ be a regression equation fitted to the numbers in this completed 
table. This amounts to choosing Y* to minimize /S( 2 / — — Y'y^ 

where S represents, as before, a summation over the actual observa¬ 
tions and 2 here indicates summation over the values which were 
filled in from the regression equation. It is clear that this sum'is 
minimized by putting Y^ = Y^ that is, the regression equation fitted 
to the completed table is identical with that fitted to the actual obser¬ 
vations alone. The fitting to the completed set of observations is im¬ 
mediate, since the solutions obtained in section 2 now apply, It follows 
that when the analysis shown in section 1 is run on the completed table 
of observations, the error term and the components (7, D are strictly 
correct. Hence if a way can be found to determine the Y-values to sub¬ 
stitute for the missing observations, without first fitting the regression 
equaiioUf a simple and direct method of analysis is provided. This is 
easily done. 

Suppose that a single observation is missing, say in row I and column 
m. Let the symbol yimn be written for the number which ultimately ivill 
be substituted in this position. When a regression equation 
— is fitted to this “completed” table, the coefi&cients, 

m = G/16r, r, = iZi/4?’'-G/16r, etc. (from section 2) involve the symbol 
yi,nn- Substitution for m, r^, c,-, th in the regression equation yields the 
relation 

F.-,* = Ri/4.r + Oj/i + n/ir - 2(?/16r. 


Now the value of is obtained by equating j/im„ to This forms 
a linear equation in yimn whose solution is 


(4.1) 


Vhnn 


AtC'„ + 4(22'. + T'n) - 2G‘ 
12r - 6 


The primes on the symbols indicate that those totals, all of which in- 
volvo tho cell of the table from which the observation is missing, are 
sums only of the actual observations. Thus (7m, for example, represents 
the sum of the three observations in the column from which the obser- 
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vation is missing. When y=l, this fevroula rcducca to that given by 
Yates ([3], page 132) for a single '1X4 latin square. 

Formulae for obtaining simultaneously values to roiilnco several 
missing observations may be derived in the same manner. However it 
is simpler to use an iterative process based on the singlc-valuo for¬ 
mula. This procedure is described in a nuinbor of placcH (|3l jingo 133, 
[ 6 ] page 263), 

The sum of 6 quai'c.s of residuals may bo comimlcd according to for¬ 
mula ( 2 , 6 ), that is, according to tho rules used when no observation is 
missing, with the totals nindo up to include tbo mnnbcra Hubstituted 
for the missing values. Tho manbor of degrees of freedom associated 
with this sum of square.? is 12 r —0 Ices llio number of missing observa¬ 
tions. 

The sum cannot now bo identified with variation arising solely 

from differences among rows, owing to correlaliojis among tho row, 
column and tieatmcnfc constants. Likewise, Iho Bums ^c,C( and 
^ihTi, do not represent variation among columnH only and among 
treatments only. Ilowover, tho effects of thcao correlations arc small 
enough to bo ignored, unless tho number of misHing obnorvations is 
largo ([3] page 138), Tho effect of a missing observation on the vavioneca 
of B, C, and D is discussed briofly In section 8 . 

6 . Case ( 2 ), When tho missing obfiorvationH make vip eomplolo col¬ 
umns it is, in gcnoral, nooossary to solvo tv sot of normal equations and 
the only question requiring discussion ooucorns Iho form in which this 
calculation, is best carried out. Normal equalioiis may bo sot up niul 
solved for the constants m Cf, Ij, as in section 2 and tire combinations 
of tho t'a which give the values of B, C, D may bo calculated. However, 
it seems simplor to write tho regression equation in such a form os to 
yield these combinations directly. This may bo done by reavranging 
equation ( 2 , 2 ) into tho idonticnlly equivalent form 


a • 


( 6 . 1 ) 

Yiik « 

w + Z) 


D Cp*V0{tk + T> 





a —1 






whoro 








Uufh 

+ 

I! 

— Ssj 

— 54* 

TVuil, « 

fii* + ^adr — fia* “ 



UjiV* 

= Su 

+ Sil — 

^3/ H' 

'Walk =■ 

— {i* -1- 5n — figii 

-h 

Sik 


~ — 6 if 

+ ^af + 

hi ^ hi 

Mfu/k = 

— 6 u H- 63 * d" ia* 

- 

hk 


= fijj + 

Say + ■ • 



^ « 1 , 2 , ■ - • , (7 


1), 
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and 

rx* = in + t 2 - Ti- n)/i tx^ ^ (tx + U- U- iO/4 

?“2* - (- n + r2^u+ u)/4: ^ {-h+k- h + U)/i 

= (“ + ^’2 + “ ^'4)/4 ^3* = (— + 4 + ^a — U)/^ 

Cfl* = (ci + C2 + • ■ ' + - /3cp+0//3(/3+l), = 1, 2, • • • , (2 - 1). 

The symbol q is used in these formulae to denote the number of col- 
umna (animals) remaining in the assay. There are no restraints on the 
values of the regression ooefficients when the equation is written in this 
form. 

The and have been chosen to make ti^j ^ 2 *, proportional to 
Df Bf 0. The choice of the and r*'s is based chiefly on considerations 
of symmetry, since the values of the row constants are of no direct 
interest in this example. Likewise the column constants play no direct 
part in the evaluation of the assay and may be chosen in any way con¬ 
sidered suitable. In this particular case, no simplicity is gained by re¬ 
placing the original independent variables (the 5^,) and column con¬ 
stants (the Cj) by orthogonal combinations of them (such as the v‘s 
and c*^s). However, this change of variables may well prove useful, in 
other situations of this kind, in simplifying a system of normal equa¬ 
tions. Other orthogonal functions may, of course, be used, according 
to the needs of the particular situation. 

Assuming that no observation is migaing, apart from the missing 
columns, all sums and sums of products of the independent variables 
(the -u's, t;^s and ^o'a) vanish except those of form iS(uo<^h 
a, 7 = 1, 2, 3. These sums may be written 

4 9 4 

y«l 1-1 

by letting ai^ represent the value of 22?"i‘*^T^//a' Thus aty is simply the 
sum of the values taken by Wyifh over row i. These numbers a.-y are 
always zero for the intact design, but if some columns arc missing, their 
values depend on the arrangement of treatments in the missing columns. 
Those values are always small positive or negative integers and are 
easily calculated. In all cases 7 = 2, 3, which provides 

a useful check on this calculation, When the values of the aiy have been 
calculated, the sums Y^U\(^iyy'aiih=A^y (say) may be evaluated. The 
other coefficients needed for the normal equations are 
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Su^aijit = S’lo^yijk = ig, *h l)i ^ = 1, 2, • ■ • ^ 

The normal equations aro 

4? Hi = G, 

iffiP H- l)cfl* = cy, /iJ «= 1, 2, ■ ■ . , 

49n* -h .4n/i* + A,,iy 4- A „/,* =-- h\* 

igra* 4- Anil* 4- Anh* 4- 4,4^/ /;,♦ 

‘^Qr^* + AnU* H- A»h* 4- -U*/,* - A',* 

■4uJ'i* + AiiTi* -h /iait’j* H- = j'j* 

4“ Anr^ 4' ^Ijjra* -J- \qy s 7'^* 

■4iaJ'i* 4* Aij)' 2 * 4" /laj>’a* 4 . 47 /j* = 7 ',* 

Avhere C/, i 2 i* • • - Ts* stand for the following com biaatious uf Uie ob¬ 
servations. 


. ^ 1 ) 


Cp* - Cl 4 - Ca + • • • + Cfi - /3 = 1 , 2 , 

Ri* = Ri -I- Hi - Hi - Ri 'J\* c= 7 >, 4- 7'j _ j'j _ 7.^ 

flj* = - Tfi -f /ij - Ri 4. Rt 7',* - _ 4. 71^ „ 71^ 7,^ 

ijj* = - fJi 4 - fja + /ia - ^4 '/'j* B — 7 ’, -I- 7', .|. 7«^ _ 71^ 

The residual sum of squares is calculated from llnj fanimlu 


( 6 . 2 ) 


Siv - 10^ = - mO] - r g 

L fl-i J 

- r E ra*Ry 4- E f/7'r*!. 
L o-i f-l J 


Tho term m tho first square bracket is tlio "lotul" siun of .sqimro.s of 

calculated according to the formula 
vnrinf,-/ ^sciuai'cs alliibuLablo to 

vanat on among columns and is best cnlculntod from the ociuivalent 

tio3iie^^''r \ Iccm derives its value frfim varia¬ 
tion due to 'rows and trentmeuUs." Tlio sums iind Tl *'r * 

cannot bo regarded scparaLoly ns exhibiting vailTiliou among mu^ancl 
among rcatmonts. When such quantities are needed l ey 

®Swi; r .. i zM:: 

Tof n nuantilies «,reded for lim analy- 
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If the covariance of ty* and ty* is denoted then is one of 

the elements of the inverse matrix. Its value may be obtained by put¬ 
ting unity for and zeros for all other i2*'s and in the expression 
for obtained from the solution of the normal equations. This rule 
applies also when 7 = 7^ in which case a'^Cyy is the variance of ty*. The 
value of (7^ is estimated by s^~Siy-Yy/{3q—&), 

Any one of the may be testol for significant departure from zero, 
either by calculating t=^{ty'^/s\/cyy) with 3® —6 degrees of freedom, or 
F = i^ with ni-1, ?i2=3(?“6. 

The estimate of the logarithm of the ratio of the potencies is 

(5.3) M - Ih*/k* 
with an estimated standard error given by 

Is _ _ 

(5.4) sm = \/ciife*® — 2cio^*/i* + C22^i*^} 

£ 2 ' ^ 


which is simply the form taken in this case by the first order approxi¬ 
mation to the standard error of a ratio. 


The computation of the numbers Aar^ from their definition is not dif¬ 
ficult and does not require an inordinate amount of time. However, this 
calculation may be simplified and systematized considerably by regard¬ 
ing the matrix {A ay) as the product of two matrices as follows (shorten¬ 
ing the symbol Uam to Uai) • 


un 

i-lu 

UiB 


Un 

U22 

ti 29 

'U 2 A 

Un 

Uaa 


U34 


aji 

012 

Ol 3 

021 

O22 

O23 

O3I 

032 

033 

O4I 

O42 

O43 


All 

A12 

A13 

A 21 

A22 

A 23 

A 31 

Aa2 

A 33 


The w-matrix is determined by the choice of the functions Uanh and is 
fixed when this choice has been made. For the w’s chosen in this paper, 
the 'w-matrix ia 


' 1 1-1 -1 

-1 1-1 1 . 

.-1 1 1 -1. 

The a-matrix depends on the form of the functions lOyijh and on the 
arrangement of treatments in the missing columns. When this matrix 
is determined for a given case, the A-matrix is calculated by matrix 
multiplication. 
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Tho solution of the normal equations is in general fairly laborious, 
but in tho cases which are likely to occur most frcqiiciilly tho solution 
is simple or can. bo avoided altogether. A discussion of theso coses fob 
lows. 

6. Case (3). When a single column is missing, no eHsenlinl restriction 
is imposed by tho assumption that Ireament 1 in missing from ioav 1 , 
treatment 2 from row 2, etc., since this can always ho arranged l)y ro- 
numboring tho rows. Tlio A-matrix for this order is 

-4 0 O' 

0-4 0 . 

.0 0-4. 

The solutions of the resulting normal cqualionn arc 

(6.1) = m.* + T„*)/4(rj^ - 1), 4* = ( 7 ?-.* + /e/)/4(7‘ - 1) 

a, T 1, 3| 

and the oloments Cyy' of the invorso matrix aro 

(6.11) cji = Cm = Cjj 7 / 4 ( 7 ’ — 1), fill ™ ou => Cji => 0. 

Substitution of those values for tim r*'B and i*’s in 
yields tho formula 

+ 1 ) 

( 0 . 2 ) ^ 

+ t (««♦ + 3'o*)V4(?’ - 1) 

<k-l 

for the reduction in tho sum of squares duo to rows nnd troalnicnts. 

Since this formula does not requiro tho values of the r*'8, lho.so niim- 
beia would not ordinarily bo computed. 

It may be remarked that tho sum of squares duo to treatments alone 

(eliminating rows) is given by -- 2 < 7 ’**, since llio t *'8 aro mu- 

7 

tunlly uncorrolatecl. Likowiso tho sum of squaroB duo to rows (oliini- 
4 ( 7 ’-1) 

natlng treatments) is --2^ These facts aro not needed for 

7 

the analysis of the oesay, however. 
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The formulae deduced in this section may be applied whenever only 
one column is missing. In this way the solution of normal equations is 
avoided and indeed the analysis is no more difficult and requires only 
slightly more computation than that of the intact design. 

7, Case (4). When two columns are missing the solving of the normal 
equations cannot conveniently be avoided, but the determination of 
the /-matrix can be made very simple, and the equations are not par¬ 
ticularly difficult to solve. 

Let the symbol 

- iVh pi) ~ 

(?!. 9i) 

(n, ra) 

(Si, Sa) _ 

associated with a design, in which two columns are missing, be defined 
to mean: treatments pi and pa are missing from row 1, treatments qi 
and q 2 are missing from row 2, etc. It is clear that the valiiea of an, af 2 j 
a{ 3 , that is, the members of the ith row of the a-matrix, depend only on 
the treatments missing from row i of the design. There are only ten dif¬ 
ferent pairs of treatments which maybe absent from any row, and there¬ 
fore there are only ten different row^s which may occur in the a-matrix, 
No advantage is gained here by reordering rows to bring the missing 
treatments in one of the columns into an assigned order since the num¬ 
ber of different pairs ia the same in any case. These ten pairs, together 
with the corresponding rows of the a-matrix, are listed below. 


(1.1) 

-2 

+2 

+2 

(1,2) 

-2 

0 

0 

(1, 3) 

0 

+2 

0 

(1, 4) 

0 

0 

-|-2 

(2,2) 

-2 

-2 

-2 

(2,3) 

0 

0 

-2 

(2, 4) 

0 

-2 

0 

(3, 3) 

+2 

+2 

-2 

(3, 4) 

+2 

0 

0 

(4,4) 

+2 

-2 

+2 


The Botting-up of the a-matrix will consist eimply in writing down the 
symbol associated with the design and substituting for each curved 
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bracket (pi, pi) etc., the corrc-siKnuliiiK row taken from this li.Ht. Tlie use 
of this device is illustrated in section 9. 

Similar lists can be made up for obtaining llio ri-iuntrix \S’IiPti more 
than two columns arc miasing, but the lists arc long anti inc-siiiuably 
would bo used only rarely. 

8. Case (f>). SvippoRO now that one column and another single obser¬ 
vation arc missing. Tljis cose can he treated by a ettiiihination of the 
methods ii.scd in sections 4 and G. After rows have, Inren reordered to 
bring treatment 1 in the inissiiig column into row I, etc., let the single 
missing observation occur in rOAV land column m. Kiihsliluto for this 
missing observation the symbol pinn und lit to the “comiilcted” sot of 
observations a regression equation = The values of 

the fitted constants are ea.sily dctcrtniiiGcl and, when subsUlulcd in the 
regression equation, yield the relation 

To* - Ci/i + [g(Ri + 2V) + /e* + Ti)/(q^ - 1) - a/2(q - 1). 


Now, according to the argument used in section 4, the niimhor to bo 
substituted for the inis.sing olworvalion i.s dotonuiiu'd by equating 
2/rinn to y Thus tlic fomiula for tho mifAsiiig value is obluiuod by solv¬ 
ing for Dinn the equation 

= CJ4 + b(R, -1- ?'„) 4- Rn H- ?'(]/(?» - 1) - O/^q - 1). 

Two eases arise. If n*=J, all terms on the riglit aide of tluH equation 
iavolvo y if n?^l, tho terms Rn and 2’j do not conlatn Tho solu¬ 
tions in tho two ca,scs nro 

(8.1) t/,„^ = [(9 - 1)CJ -f- m,' 'h iV) - 2G>]/(;iq - 0), 

(8.11) Cil = Cjg = Cjj = --— (q - - , 

4(9“ — 1) \ 39 — 0/ 

and 


( 8 . 2 ) 


= 1(9“ - i)Cj + d9(7e,' + r„') 


+ 4(fE„ 4- Ti) - 2(7 + 1)(?']/(37“ - O 7 - 1), 


(8.21) cii ~ Cii — Cja = — f — ~(l --V apijroxiinatcly. 

4 ( 9 “ - 1) \ 39 - 0 / 


Tho prime indicates, as in section 4, that the total in im-omploto. Tho 
derivations of formulae (8.11) and (8.21) arc diHnus.K(!il lul(‘r. 

The argument given in section <[ hIiowh that wlmn this uuinbcr is 
substituted for the missing observation and tho analy.His carried out 
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using the formulae of section 6^ the values of the fitted constants and 
of the residual sum of squares are identically the same as would be ob¬ 
tained by fitting the regression equation to the original observations 
alone. However, the formulae given in section 6 for the variances and 
covariances do not hold here. The following considerations yield the 
proper values without much computation. 

Suppose that the regression equation (B.l) is fitted to the original oh- 
servationa. The left sides of the normal equations will be considerably 
different from those of the equations in section 6, but the right sides, if 
changed at all, will bo altered only by the addition or subtraction of the 
numb er y /r^n- Again using a prime to indicate that yi^n is omitted, the right 
sides of these normal equations may be written G', C*', etc., where 
G = G'+Vimni ±yuvny the plus sign to be used if 1= 1 or 2 and 

the minus sign if Z=3 or 4, with similar relations between the other 
primed and unprimed symbols. Now, to find the variance of one of the 
Z*^s, say we may replace Ta*' by unity and all other etc. 

by zeros in the formula for U* given by the solution of the normal equa¬ 
tions* This substitution gives the value of cn. Similarly, replacing Ti*' 
by unity and all other etc. by zeros, we get the value of Ci 2 , 

The formulae for the are given in section 6 expressed in terms of 
the unpvimed symbols. These formulae can be written in. terms of the 
primed symbols (remembering that yimn is itself a function of the 
primed symbols), and thus, making the substitutions indicated above, 
are obtained the values of the c^s. 

The formulae for the do not fall into any simple pattern, but there 
are two main types corresponding to the two inissing-varlue formulae. 

Wlien formula (8.1) is used, that is, when a treatment is missing twice 
in the same row, 

1 ^ + 

On — C 22 — Caa = - --19 + r-r ) ^ 

4 ( 9 ' - 1) \ 3g -- 9 / 

and C 12 , C 23 , C 31 are equal to ±l/12(g—l)(g—3). The arrangement of 
plus and minus signs depends on the whole configuration of missing 
treatments, but in all cases two of the covariances are positive and one 
is negative. 

When formula (8.2) is used, the values of Cu, c^a, caa are given by 

4(q^- 1)L - ij 

the plus sign applying to only one of the three, and the set of 
quantities C 12 , czh cgi may take various combinations of the values 
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EB OF THE TREATMENT IS BECOBDED UNDER EACH OBSERVATION 
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The data in Table I tot pnrridcd thronch ibe courtesy of Dr, D. M. Younc aad th* 
Cozmancht Laboraboiica, UiUTcrsity of Toiooio. 
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±l/4(3(z^^Gg—1)^ ±(g^l)/4(^+l)(3g^—1), Thus it appears that 
the variances and covariances require a rather complicated set of for¬ 
mulae, The complexity may he avoided, however, by introducing suita¬ 
ble approximations. For any values of q that are likely to occur in 
practice —1) niay be replaced by 6) without 

sensible loss of accuracy, which gives the approximate formula (8.21). 
Likewise, in such cases, the covariances are numerically small and may 
be ignored. 

An argument of the same kind, applied to the case discussed in sec¬ 
tion 4, shows that the effects of a single missing observation are to in¬ 
crease the variances of B, C, D from to 5)/(12r’-6) and to 

change the covariances from zero to ±aV(12r—6). These changes are 
seen to be so small numerically as to permit the use of the formulae 
appropriate to the intact design, ignoring the slight inaccuracies result¬ 
ing from the missing observation, 

When one column and several single observations are missing, for¬ 
mulae (8,1) and (8,2) may be used iteratively to supply values for the 
single observations, An analysis performed on this ^‘completed” set of 
observations, using formulae (6.1) and (6.2), yields the correct values 
of the residual sum of squares and of ^i*, ^ 2 *, The variances and co- 
variances of the arc affected by the missing observations, but the error 
committed in using formulae (8.11) and (8.21) in such cases should be 
small, unless the number of missing values is large, 

9. Examples. Case (1). Suppose that the observation in row 1 and 
column 16 of Table I is missing. Then Bi'=872, Cift' = 224, r 2 ^ = 781, 
G' = 3718, These numbers, substituted in formula (4.1), give the num¬ 
ber to be used for the missing observatiou- 

2 /1(10)2 = [16(224) + 4(872 + 781) - 2(3718)]/42 = 66, 
to the nearest integer. 

The analysis of the completed table, carried out as in section 1, gives 
the following values for the sums of squares and the components (7, D. 



d.f. 

s.s. 

m.B. 

rows 

3 

936 


columns 

15 

10,380 


treatments 

3 

3,461 


residual 

41 

2,587 

63.11 

total 

62 

17,363 



Z) = 8.25, 5 -- 68,26, C - 0.50 

M = (.30103)(8.25)/(- 58.25) = - .0426 
Sii/ = (63.11)(.30103)V(68.25)^ + (8.26)7(68.25)^ = .0329. 
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Here the value of M ifl correct, but the formula anti vixliu! of are in, 
accurate, owing to the correlation of B and Z) nnd the nllered values of 
their variances. Correcting for both of tho.'so soiirccH of error chanKo.s the 
value of fliv to .0336, a iicgligiblo correction, iJttrliculnrlj' in view of the 
fact that the formula for 8 .m ia itself only aiipitixiniuk*, iShiultvrly, cor¬ 
rections in tho formulae for testing tho Hignificaiiec of li niitl C are not 
important nnd may bo ignored. 

Case ( 2 ). Suppo.so that coluinns 14, 16 and 10 ar<! ini.ssing. The first 
step in sotting up tho normal cfiufttions i.s tho compulation of tho a- 
matrix, Tho value of om, for example, is Ibo Hum of the x'uhicH taken by 
Wi for the 13 observations in row 2. Now Wa tivkoH the value 1 when the 
observation is made on. treatments 2 or 3, and takes the value — 1 when 
the observation is made on treatmenls 1 or 4. The trcatincnls nii.s.siiig 
from row 2 are treatments 2, 4, 3. Hence oja+l —1+1=0, 023 = — 1 , 
since each w sums to zero over each row when the (loHigii is intact. In 
this way (or others) tho a-mnlrbc may bo set uj) in a few inimiLos. It is 
given below, inultipliod on tho left by the a<-maliix to form tho 44 - 
matrix. 



Tho right sides of tho normal equations (llio IJ*'h and are com¬ 
puted from tho row and troatment totals. 


Rx = 763 

Ti = 86Q 

7fj* « - 01 

Ti* = 

+ 17 

li:2 = 742 

T, = 603 

/f** = + 81 

T,* « 

- 35 

Ri = 747 

Ra = 849 

r, = 802 

Ta =. 680 

Z?a* = - 123 

7’,* = 

+ 0 


The calculation of the K*’b and 3’*'b may bo cheeked by means of the 
identities 

By* + J?2* + TJs* + G = 4^2, 'i'l* + '1\* + 7’a* -h a = 4J’j 

When tho normal cquation.'i are set up, it in found Lliat the six equa¬ 
tions break up into three pairs. Tho Holulions are 

672li* = 13Ti* - Ri* 07212* = IS'A* + Ri* 072/j* = i:j7'a* + 

672>’2* = 132i!j* - 7'i* 672r,* = 132Jj* + ' 1 \* G72ri* = 13/ei* -|- I a* 
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Substitution, of the numerical values of the R*'s and T*'s yields 

ti* = 0.2083 n*- 1.7470 

U* <= - 7.0506 n* = 1.6417 

k* = 0.0387 Ta* == - 2,9077 

Substitution of unity for Ti* and zeros for all other and in 

the formula for ii* gives Cii = 13/672, Similarly, replacing Tg by unity 
and all other and by zeros in the same formula gives the value 
of Cl 2 . Evidently, 

Cn — C22 = C33 = 13 / 672 , Ci 2 = C23 = C31 = 0 . 

The reduction in the sum of squares due to rows and treatments is 
2 ra*R* + 2 = 3148. 

The othov numbers needed to complete the analysis of variance 
table are; the "total” sum of squares, (59)*+ • • - +(71)*—(3101)V52 
= 108533 — 184926.94 = 13606; the "columns” sum of squares, 
[(210)*+ • • • +(222)*]/4-(3101)762 = 8847. 



d.f 

S.S 

m.s 

columns 

12 

8,847 


roAYB and treatments 

6 

3,148 


residual 

33 

1,611 

48.80 

total 

51 

13,606 



^ 2 * ia highly significant, since 

F = = 62.66, 

Likewse is not significant. 

Af — — .0889 (Formula (6.3)) 

Sm = .0411 (Formula (6.4)) 

Case (3). Suppose that column 16 is missing. Reoi'dering rows to 
bring treatment 1 of column 16 into row 1, etc., in order to apply the 
formulae of section 6, the row and treatment totals and the numbers 
calculated from them are: 

221- 839 ri-1004 J2i* = -72 ri* = +76 Ri^ + Ti* = +4: 

222- 872 n-TSl 2?2*-+210 T2* = -442 222* + r2* =-232 

223 = 803 2'3 = 964 223* = --144 = = 

22, = 980 74=745 
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The mimbera h*, h*, ( 3 *, given by formula ( 6 . 1 ) are 1063, -0420, 
—204, divided by 806. The reduction in sum of squares due to rows and 
treatments is 

[(-72)2-1- , , . _p(-4)2]/Gil-t-[(4)3+ . • ‘ +(-148)=^]/896 = 4321,G7. 

(Formula ( 0 - 2 )) 

The other numbers needed for the analysis of variance table arc calcu¬ 
lated as in the preceding example. 



d.f 

H.S 

m.s 

columne 

14 

0,616 


rows and treatments 

6 

4,322 


residual 

39 

2,477 

03.r)2 

total 

69 

16,416 



The tests of significanco and the computation of M and its standard 
error proceed as in the preceding examples^ using formula ( 0 . 11 ) to 
obtain the value cu= 032 —^ 33 =0.01074, 

Case ( 4 ), Suppose that columns 16 and 16 are missing. The symbol 
describing the distribution of missing trcatinonts and tlio a-matrix 
derived from it by means of list (7. 1 ) arc 


( 1 , 2 )' 


-2 0 O' 

(4, 3) 

and 

+2 0 0 

( 2 , 1 ) 


-2 0 0 

.(3, 4), 


,+2 0 0 


fO 


The il-matrix is 


8 


0 


0 0 

0 0 

0 0 , 


The rest of tlie calculation follows exactly ns in case ( 2 ), 

Case (5). Suppose that column 16 and the observation in row 1 , col¬ 
umn 16 are missing. Again the rows are reordered as in coso (3) and 
the missing observation now occurs in row 2 . Tho following numbers 
are needed to apply formula ( 8 . 2 ) to supply a number for the missing 
observation. 


Cn - 137, 22 ^' - 815, 2 V = 947, Ri = 839, 3^2 = 781, G' = 3437. 


Substituting theso numbers in formula ( 8 . 2 ), 

y 5 (i»i = [(224) (137) + 00(816 + 047) + 4(839 + 781) 

- (32)(3437)]/(684) = 60.34 

or 66 to tho nearest integer. 

Substituting 66 for the missing observation, the analysiH proceeds 
exactly as in case (3), with 38 instead of 30 degrees of freedom for tiro 
residual sum. of squaree and using formula ( 8 . 21 ) instead of ( 0 . 11 ) to 
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obtain the values of the c’s. The value so calculated (0.01717) differs 
only slightly from that given by formula (6.11) (0.01674), but the 
more accurate formula (8.21), appropriate to this case, requires only 
simple calculations and presumably should be used, 

Conclusion, The primary purpose of this paper is to bring together a 
number of methods of dealing with the analysis of balanced designs 
when some observations are missing. The discussion is focussed on a 
specific design, but the methods and devices can be used, with suitable 
modifications, in a much wider range of problems. 

Another purpose may also be served, Apparently some suspicion 
attaches to the “estimation of missing values” as being an attempt to 
extract something from nothing, Perhaps the phrase itself, although 
warranted, is misleading, In any event, it is hoped that the foregoing 
discussion emphasizes sufficiently the fact that the basis and method of 
analysis are the same in all cases, and that the cases singled out here for 
discussion are special only in the sense that, in them, some simplifica¬ 
tion of the arithmetic is possible, 
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DR. VICTOR SELDEN CLARK* 

W ITH the death of Dr. Victor Scldcn Clark in the 77th year of his 
age, the country Ima lost one of its outstanding economiats. Ho 
waa not concerned either with economic theory or with atatiaUcnl 
methods. He was primarily nn economic analyst, making use of all 
available-sources ol information concerning the several suVjjects wliich 
he investigated and interpreting them in masterly fashion. 

Through much of his career, Dr. Clark devoted liia attention mainly 
to ooonomic conditions and trends in those areas of the world concern¬ 
ing which adequate information was not readily available—outlying 
possessions of the Unitctl States, Latin American and Ear Eastern 
countries, and the "down under" lands of Australasia. Mo-st of his time 
from 1900 to 1913 was spent on studies of these areas. The cmpluisis 
was on labor problems bub the whole economic picture of each area was 
sketched. In no case did he roly mainly on piibliahcd information, of¬ 
ficial or unofficial; ho visited each area and obtained most of his knowl¬ 
edge of it from personal observation and interviews with all cIushcs of 
people. Ho may well bo characterized both as a "globe trottor" and ns 
a past master ol the reporter’s art. The areas covered l)y Ida rcaear<!lu!8 
included Puerto Rico and Hawaii (in both of which he for boiuc time 
held hiyi-ranking administrative positions), Pldlippiiio lalaruls, Cuba, 
Meidco, Java, New Zealand, Australia, and Canada; incidontnllj' he 
visited Russia and Spain, The results of this work were for the nujst part 
published by the Bureau of Labor Statistics. Each of the monogruplis 
which Dr. Clark prepared for that Bureau contains from 100 to IfiO 
closcly-packed pages and was, at that time, the principal source of ia- 
formation on tlie given area. They included critical (liseuflsion of prol)- 
lema in addition to factual material. 

Toward the cud of his career, Dr. Clark revetted again to globe¬ 
trotting, not only revisiting practically nil those areas where ho had 
previously made investigations, but also travelling extensively in other 
countries of the Par East and Latin America. P'or the most i)ai'b, tbo 
results of those later travels and researches wore not published. How¬ 
ever, tlic investigation concerning Puerto Rico, which ho and colleagues 
conducted under the auspices of the Brookings Institution jhiriiig the 
years 1628-30, constituted the basis for a large volunm Puerto liico 
mid Z(s pToblema, which is tho most valuable one bouvco of inf ovinii- 

• Born nt Portogovillo, N, Y., Juno 12, 1808, «on of Molor Bcldon N. nnd Itclcii E, (On-vio) ClnrV. 
U. of Minn. 1800} Pli.D. ColunibltL, lOOOi died April I, 1040, WnnhinuLoiij H.G.; unmarried. 
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tion ever compiled concerning that island and its difficult economic, 
social, and political problema. 

In the interval between these two periods of research in outlying 
countries, Dr. Clark conducted a monumental investigation concerning 
the economic history of this country itself, under the auspices of the 
Carnegie Institution. The first volume. History of Manufactures in the 
United SiaieSy 1607-1860^ was published in 1916. The work was then 
interrupted by the war and the second volume covering the period 
1860-1914 was not issued until 1927- The two volumes together contain 
nearly 2,000 pages and were exhaustive in scope and illuminating in 
analysis, Professor Henry W. Farnan said in his introduction to the 
second volume: 

. . . With rare porEietenco and industry he has succeeded in completing 
the work which is now offered to scholars- Like the History of Manufactures 
to 1800, this study is based on original material. It is nn econoniic history in 
tho strict sense of the word. It does not deal with technology and mechanics; 
it does not give biographies of prominent manufacturers; it can not cover 
tho details found in histories of speciilo industries. It does give nn interpre¬ 
tation in broad outlines of tho development, tho organization and the 
economic interactions of manufacturing industry in our country during a 
truly romarkablc period. 

In preparing this history of American manufactures, Dr. Olarlc made 
use of an immense variety of material, ranging from official statistics 
of the Federal and State governments and of trade associations to items 
in periodicals and personal reminiscences. He traced the effects of 
tariffs on the development of American industry, the gradual spread of 
manufactures from the northeast to the central, southern and western 
sections of the country, tho progress of the working classes, the develop¬ 
ment of great corporations and combinations, and all the other major 
aspects of the history of industry. 

In What Is Money, a compact 88-page book published in 1934—a 
time when the country was passing through a maze of monetary dis¬ 
cussion—Dr, Clark gave an elementary explanation of money and 
its relation to prices- His approach to the subject, as he said in his 
preface, was ''by the path of history rather than by that of theoretical 
analysis.^' Attractively written, with frequent touches of humor, his 
little book might well continue to bo a valuable guide for the "man in 
the street'' or non-professional reader. 

During the years 1920-28 Dr. Clark was editor of The Living 
Age^ Boston, a periodical of long standing and wide circulation, 
which, however, was ultimately discontinued as other "readers' digests'^ 
became more popular. During his later years Dr. Clark maintained an 
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office in the Library of Congresa, where lie nob only pursued his own 
investigations but served aa a consultant totlio Library regarding eco¬ 
nomic and governmental publications, 

E. Dana Durand 
Washington, D. C. 



COERINGTON CALHOUN GILL 
1898-1946 

T he death of Corrington C. Gill in TucsoHj Arizona, on July 13, 
1946, closed a distinguished career as government economist, statis¬ 
tician and administrator. Gill played a significant part in shaping and 
executing governmental policy during the long depression and the war 
period, 

Gill was born in Grand Rapids, Michigan, in 1898. His early life 
was spent in Michigan. Entering the Navy in 1917, he served through¬ 
out the war in the destroyer servico on the Erench coast. He received 
his A.B. degree at the University of Wisconsin in 1923. 

In 1923 he came to Washington as Manager and Correspondent of 
the Washington D. C. Press Service. After four years he turned to 
independent research and business consulting work. In 1931 he became 
economist and statistician for the Eederal Employment Stabilization 
Board. 

In the Spring of 1933 Gill was selected by Harry Hopkins to direct 
research, statistical and finance activities for the newly-created Federal 
Emergency Relief Administration. He occupied a key position in fed¬ 
eral relief agencies for the following eight years, serving successively 
as Director of the Division of Research, Statistics and Finance of 
F.E.R.A.; Assistant Administrator of F.E.R.A.; Assistant Administra¬ 
tor of the Civil Works Administration; and Assistant Commissioner 
of the Work Projects Administration. The excellent administrative 
record of the emergency organizations during this period was in large 
measure the result of his efforts. 

In 1941 Gill left W.P.A. to become Deputy Director of the Office of 
Civilian Defense in charge of Operations. The difficult job of organiz¬ 
ing regional, state and local civilian defense operations throughout the 
nation was performed with his usual speed and effectiveness, In 1942-- 
1943 he served for a year as Consultant to the War Department, mak¬ 
ing a complete survey of the Army Medical Corps and assisting in its 
reorganization. 

In the Spring of 1943 Gill was chosen by the President to become 
Director of the CommiLtee for Congested Production Areas, assisting 
localities with war-swollen populations to obtain urgently needed 
facilities and community services. When the C.C.P.A. was liquidated, 
ho became Deputy Director General of the United Nations Relief and 
Rehabilitation Administration in charge of Administration and Fi¬ 
nance. He held this position until late 1945 when illness necessitated 
his resignation. 
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He is survived by his widow, Julia Turnbull Gill. Ho is tlio aiilhor of 
mrmerouB economic and statistical articlce and of two liooks, Wasted 
Manpoipevt and The Challenge of Uneviploymcnl. 

Those who knew Corriiigton Gill and worked with him shall inis-s 
him a great deal An unusually competent adminiHtvnlor, he Imtl a rare 
ability to bring out the best in those who worked under biin. Numcrou .9 
new developments and tccliniquca in rcscarcli and h lull sties wore de¬ 
veloped under his direction and with the assistance of his wise judg¬ 
ment and shrewd sense of liming. IIi.s alrility to comphitc Htu[)(iml{)ua 
and urgent tnska competently and quickly i.s rare, in Wjushington as 
elaewheve. 

Howakd B, Myehs 

Committee for Economic Dcvolopinont 
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Statistical Abstract of the United States, 1944 - 4 S: Sixty-Sixth Number. Com¬ 
piled by the Bureau of the Census, Washington 26: Government Printing Office. 
1946, Pp. xiii, 1023. $1.76. 

Review by Bruce T>. Mudgett 
Professor of Ecojiomics and Statistics 
University of Minnesota 

O N FIRST thought a review of the Statistical Abstract of the United States 
Beema almost in a claaa with writing a literary account of the monthly 
telephone bill, and the present writer had that reaction upon being asked 
to write this note. But maybe on further consideration there is something 
to be said, if not too much, about a recurrent annual volume summarizing 
the vast quantities of statistical information that pour out each year from 
and about our national government and our national economy. 

It should be said at the start that the present volume is the current result) 
of a development or evolution of many years (66 in fact) in presenting a single 
volume of brief summary information that is in wide demand. Of the things 
that would seem to deserve notice in a technical comment, I do not conceive 
the factual content of the volume deserves a very important place—and 
that mainly because most people who will have occasion to use the Statistical 
Abstract are likely to have a good general idea of the sort of information that 
is available, information such as is collected and published by different 
subdivisions of government and by some non-governmental agencies. 
IllustrationB: population, vital statistics, prices, foreign and domestic 
trade, agricultural, manufacturing and mining production and the like. 
There have been additions to the factual content as the ^''ears have passed 
and a cursory examination of the present volume indicates that some of the 
recent additions have come from the sample studies developed in the last 
few years. For example, section five on the labor force contains tables con¬ 
structed from data obtained in the monthly report on the labor force—a 
very new and very important type of inquiry now being carried on in the 
Census Bureau. 

Since tlio Statistical Abstract is a compendium of summary statistical in¬ 
formation ill n vast number of fiolda, the moat important thing about it 
would seem to bo how well has it done the job it is designed to do. This is a 
matter, largely, of the organization of the book and of the construction of 
the individual tables so that users can find what is there and can under¬ 
stand it when found. A new feature in this volume, and a commendable in- 
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novation is ''fcJie presentation of a geiicml noto nt the beginning of each 
section in order to furnifili a baclcground for tlic etati«tica in the field— 
Such notes have been prepared for fifteen of the thirty-four Rcctions mid fur¬ 
ther extensions arc proniiBecI in future editions. Tins feature plus one otlier 
makes for easy location of available information on any topic. Tlic other 
19 an extensive and carefully constructed index. FurtUennore tUo Kouvee 
reference for each table (of which there arc over one thousand) jh an improve- 
ment over what used to bo, in that the souroe reforonce gives the publication 
in which the original data appeared, as well aa the agency ivhicb pubbslied 
it, For example, table 80 of this volume giving death rates per 1,000 popu¬ 
lation by sex and iige-groups 1000-1043 lists tlio source as ^^Dopt. of Com¬ 
merce, Bureau of the Census; Vital Statistics llatca in tlie United Slatoa 
lOQO^lQlO; basic figures 1040-1043, annual report, Vital Statistics of the 
United States, Part II.In contrast the source reference for the correspond¬ 
ing table of the 1031 Abstract (tlicro it is table 70) ninrcly lists "Bureau of 
the CeuBUQ, Depfc. of Commerce," In the front of the volmuo is a list of all 
tables classified by source; thus all tables obtained from the Bureau of Agri¬ 
cultural Economics are listed under that title in this clnsgificatiou. This 
yearns praGtioe on. eourco reference ia a great ivnprovcmenfc for anyono 
who wishes to seek more complete data in the original aourco. 

The feature of most hnportance in tho conetmetion of individual lal)lc8 ia 
the appropriate arrangement of clasBifications in stub and caption and Urn 
adjustment of spacings, lines, difl’crcncoa in type, etc,, in such a way as to 
bring out tlio information contained in the figuicB. Wc liavo nil Rccii ex¬ 
amples of badly coiistnicted tables whore tho effort wne abnosL more than 
its worth to discolor what tho figures meant. In this respect tlic i^latutical 
Abstract has for many years done a reasonably good job, which could in at 
least one respect bo improved; but I suspect the iniprovoniont would run 
counter to loiig-catabUshed habits in the Qovornuicut printing ofUcc and 
therefore, would have a great inertia of habit to overconio before it could ba 
introduced, I refer particularly to the ueo of dilToront weights of lino and 
Bometirncfl diffcrenceB in typo in tables to help to show coordiwivlc and 
Bubordinate relationships among tho figures, There Ih evidence of some 
tondeney in tins direction, but it could go much further, to the great im¬ 
provement of the abatvaefc, Conridor for example, table 289 on Income Tax 
Heturns to States and Territories for 1030, 1040, 1041, In tho ntub clas¬ 
sification, tJ. S, totals and section designations arc in heavy faced tyjie, 
wheieas individual Btatca (subdivisions of the sections) are in liglitcr type, 
equally for the figures referring to theso several categories. But it should bo 
noted that in somo tables fclio heavy faced typo is scarcely distinguiHhablo 
from tho lighbor faced variety. Tins, of eoui'so, is a printer’s ])roblern, but it 
does deserve more attention thoult liaa received in our govcrumeul printing 
office, Statistical volumes in innny European coitntries have for ycai'rt been 
vastly bettor than ours on this score. Again illustrating from tahlo 280, 
these tables make much loss uso of difforent weights of lino than is desirable, 
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and again the proof lies in the better job done in European printing offices. 
Table 289 would be greatly improved if, for example, the lines between. 1939 
and 1940 were much heavier than the two lines within the 1939 category; 
and similarly for other years. 

The above criticism that the 8latulical Ahairacl does not make enough use 
of differences in type and different weight of lines is, I think, deserved, and 
here is one chance for improvement on the technical side of presentation. 
Despite this objection, the government haa placed within some thousand 
pages a vast body of summary statistical data and haa organiaed it in snob 
a way as to make it readily available to its potential users—a truly monu¬ 
mental achievement, 


Statistical Analysis for Students In Psychology and Education. Allen L. Edwarde 
(Associate Professor of Psychology, University of Washington). New York 10: 
Rinehart & Co,, Inc. (232 Madison Ave.), 1946. Pp. xviii, 360. $3.60. 

Ebvibw by David A. 

Aasociate Professor of Psychology 
University of Wisconsin 

E dwards* Statistical Analysis is not just another elementary atatistioa 
book, Unusual features and clean breaks with tradition are to be found 
in both structure and content, and several of the unique features are to be 
applauded. For example, one-third of the book is given over to the statistics 
of email samples, and two chap tore are devoted to analysis of variance. The 
reviewer agrees with Edwards that . whether the traditional attitude 
approves or not, more and more research as published in paychological and 
educational journals is being evaluated by small sample techniques,Other 
good points about Statistical Analysis include clearly written elementary 
chapters on ^Probability and Frequency Distributions” and “Rosearoh and 
Experimentation,” modern sampling treatment for the correlation coeffi¬ 
cient, the use of the Charlier checks in computation, and a chapter on ele¬ 
mentary algebra. This last-mentioned chapter is perhaps a bit too elementary 
omitting logarithms and exponents. Some teachers of statistics may have 
mixed feelings about teaching statistics to students whose mathematical 
backgrounds are so inadequate as to permit them to profit from such a simple 
review of algebra. 

One can scarcely approve of one of the unusual features of the book, the 
deliberate omission of any treatment of the reliability of test scores. To 
begin with, this material has unique value for students in psychology and 
education, Its absence detracts materially from the usefulness of Statistical 
Analysis as a general elementary textbook in statistics for psychologists and 
educators. Furthermore, in spite of Edwards* comment that it does not 
, fall within the general orientation of the rest of the book > . . , ” 
fallibility is a property of all actual mensuration, including reflex magnitudes, 
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discrimination limcns, reaction tiinea, and other iiicaBurefi from "^puro” 
payoliology. To omit the topic of reliability even from nn experl men tally 
oriented atabistica bookauch na 6WtaHcol AmoIj/ots would seem to encourage 
Biiperficial interpretation of the nature of mcaiiuroincnt in general. 

In the reviewer's opinion, SMistical Analym Huffera from a iiaiiiber of 
pedagogical wcakiiofisea. Thcac includo; (1) an undcHirablo uiultipltcity of 
definition and coinj3utalional fonnulao which scenis hound to confuKo the 
Glomentary student; <2) inatancoa of unnecessary notationnl coinplicationa, 
such as tlie uao of v for and ^ for tho critical ratio or ttignifienneo ratio wliich 
requires the follo^ving footnote (p. ISO): “I'lshcr linn introduced iv tnuinforjua- 
tion of r into anotiicr HtatieliD ^Yhioh is known m z (not to be confuhcd with 
tho z vnenbioived earlier) i . . ; and (3) introduction of Petern and Van 

Voorhia' as an alternative to F in analyaifl of variniice, accomimniod by tlio 
etatement, "You may wonder at this point whether F or nlioulcl be used 
aa a teat of significance in a given problem. There 1 h no definite aiiBwer to 
this question.. -. (p. 236), It eccinB to the reviewer that an cleinentary 

textbook should avoid such eourcoa of confuaion, 

The TGvlower’s chief CTitlciam centers around the general oinplmsla of tho 
book. The leader, intrigued by tho list ot chapter topics, and led on by a 
promise ia tho preface that oniphaaid ia to bo upon u«g and fuiiotion rather 
than calculation, ia doomed to a real disappoiiiUnont ns ho wurka hia way 
through calculation after calculatioji, coding techniciuo ufler coding tech- 
niquo. On the topic of correlation, for oxniiiple, 12 pages arc expended on 
the dovolopmcnt and use of dofinition and coinputatioiml roniinluc, but only 
two and ono-bnlf pages arc given to mterprotation of r, and uiohL of this is 
rather auperficial. In this respeet, it wovdd neom that Kdwarda ia cunght up 
in precisely tho very "vicious circle’' ho promiHCH, iti tlic preface, to break. 

With respoofc to atatiatleal errors, Edwards’ book is very niiieh like tho 
first editions of most eloinentary statiatics texts wliicli roaoli the niurkot. 
Tho slips arc disconcorfclng, but minor. They include: (1) tho Ktutement 
tlmt computation of tho probablo deviation requires coiupulation of tho 
S.B. (p. 60); (2) nn Inacournte technique used to obtain fidueiul limitH for a 
proportion (p, 169); (3) a remark thnt grouping will cause no Korions error 
in tho S,D. (p, 70); (4) a formula for i which UoWh only when 
(p. 182); (6) nn erroncouB aascrfcion about (Tr (p. 186); and (0) an interpre¬ 
tation which accepts the milHiypothosis wlioux* does not exceed the 6 per 
cent point (p. 247), 

Slalistical A7ialysia is bettor fclmu many ciirront Hlfttiatios hookH. jIIiiL, bo- 
cause of the points inentioued above, Lho reviewer does not think tlmt it 
will prove to bo an excellent teacblng text. lie does not rnto it in tho wanio 
class with the olemcntary texts of Lindquint and Helen Widkr.r. I'hlwards’ 
bookisj in many respects, a more forwarddooking text, but it lacks tiui teach¬ 
ing finesso and the depth of iutcrprotatiou of its best available coiiipetitorH. 

Income from Independent Prolesslonnl Practice. AfUton Friedman (AsHOf'iato 
ProfoBBor o[ Kconomics, Hnivorsily of Chicago) and iS'i 7 /io;i Kvzncta (ProfcHHor of 
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Statiaticfl and EconomicB, University of Pennaylyanin). Publicationa of the Na¬ 
tional Bureau of Economic Research, No. 46, New York 23: National Bureau of 
Economic Research, Inc. (1S10 Broadway), 1945. Pp. xxxiii, 694, $4,60. Two 
reviews follow: 


Rbyibw by R. L. AKDBnaoN 
Associate Professor of Experimental Staiislics 
and Agric^iliural Economics, Institute of Slatislics 
Umversily of North Carolina^ Raleigh 


T HIS book aunimarizes the results of several years' study of the net 
income from independent practice by phyaiciana, dentists, lawyers, 
certified public accountants and consulting engineers. The authors have 
made use of many modern statistical techniques such as the x^-test, the 
analysis of variance and multiple regression, which in the past have been 
applied too infrequently to the analysis of economic data- Dr. Friedman’s 
techniques for the analysis of ranked data have also been utilized to good 
^advantage in several places. 

Because of the Avide usage of modern statistical techniques, this book 
should receive careful scrutiny by economic statisticians - The authors are 
careful to point out the basic assumptions behind such tools aa the analysis 
of variance, assumptions which are too often not fulfilled with economic 
data. Such a treatment aliould help Immeasurably to promote the idea of 
finding means of altering the old statistical tools or of devising new ones in 
order that economic data can be analyzed more objectively than in the past. 
WJnle some criticisms will be made below of the statistical methods em¬ 
ployed, these oriticisins in the rnaln are minor in character and the general 
quality of the statistical methodology is well worth the attention of econ¬ 
omists. 

Tho first two chapters describe the professions studied and the methods 
used in obtaining tlie sain plea and in adjusting for known biases in the sam¬ 
ple results. Unfortunately, the authors did not have available some of tho 
modern techniques of conducting mailed questionnaires, which were used 
exclusively in this study. It was concluded that the nonresponse problem 
waa not important in this survey, because no correlation was found between 
income and response. However, the geographical distributions of the sample 
responses did not correspond with those of the population. It is the reviewer's 
opinion that such an extensive study should have been based on a more 
solid sampling foundation with some provision made for sampling the non- 
responders by direct interview. Also some provision should have been made 
to check on the accuracy of actual replies. For example, did deductions from 
gross income include only business and not personal expenses? 

The authors present a detailed analysis of the adjuatmenta noceasitated 
by such things as the exclusion of all but members of the American Dental 
Aeaoelation iu the dentiaVa sample and the apparent size of community bias 
in the samples for doctors and lawyers. The sample and population fre¬ 
quencies wore compared by use of thex^^testfor goodness-of-fit and of Xr'^jthc 
latter being Friedinan^a test for rank correlations. The attempts to justify 
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the Tcsulte on the baBia of previous state aurveys seemed iucausifttent ^vith 
the previous statement that the eaniple results were not good for separate 
geographical units. 

Chapters 3 and 4 contain the pertinent cp'^clusionB of the htudy, compari- 
sons between professional and other Iiicoiiio and couipnriHons of income 
among the five professions. Averngo professional income wan al^out tlirco 
times as largo as that for people not engaged in one of lliese i}rofcHHiona. 
This rcBuU was largely cxplaiiieil by the more exi)onsivn and longer training 
required of professional men, the larger comiminitiGs (with larger average 
income for any work) which attracbid profcsHioniil men, tho liiglior ability 
required for pxofesbional work, and the noncompcliiivo nature of U\o pro- 
fessioufl. My opinion is that too little importance was placed on tho factor 
of ability. However, the restriction of entry ajul tlie nonconipetitivo nature 
of the professions cannot be b tressed too imicli. These nro factors for which 
an adequate statiatiaal analysis is not available; hciico, tho poj^Hihility Cor 
personal bias in the evaluation of causes is quite important. One also 
wonders what the inclusion of cducatora would Imvc done to tho overfall 
professional picture t\s herein presented, 

For nil of the incoiiio data, it was found that tho average iucouica and 
their standard dovmtiona were highly correlated, indicating that it might 
have been better to assume logarithmic TcIatiouBhips in the analyses, Lorenz 
curves were used to study rclativo variability ainuug profcBsionnl incomca 
and between professional and nonprofcHsional Incoinos. Tlio five profossions 
ranked as follows as regards average iiicomo (liigli to low); eiiginoorH, ac^ 
countautflj lawyers, doctors and doutista. There was little difCcrwuce between 
the average income for lawyora and doctors. 

A detailed analysis was mado of the differonce between donli.sLH' and doc¬ 
tors^ incomes. This reviewer tends to agree with a coniinont made l)y C, II, 
Noyes (pp, 405-10) to the elTcct that tlio asHUmptions made about tho 
difTercncos between theec two professions wore of such an arbitrary nature 
ns to render highly untenable the statement that doctors rcalricL entry into 
their profession more timti dentistH, A multiple rcgccsHiou was tun fern the 
doctora' average income in each state using the percontnge of docioiH in the 
population and tJio per capita income as independent variablca; similarly, 
for dentists. This kind of analyeis of econoiuio data siioukl bo used much 
moro. In this caso the authors were able to obtain tile elasticity of demand 
for aervices for a given cimngo in the porccaUge of doctors and dentists in 
the community, holding per capita incoino conutant. 

Chapters 6 and G present a dclnilcd anulyKis of ficvonil causen of income 
diffcrontinlFi. The unalyais of variance with the metluKl of expoeLod HubclaBs 
numbers for disproporbioimto froquenoicH might have been jn'Ofitaldy used 
to teat for (UDforGucen among regiouH and among commuidUea of dirfcrout 
sizes, Instead tlio authors utilised tho Xr® Jiicthod jiicntiomMl above. JIata 
were too scanty to iliscusa tho important topic of influence of tnuning and 
inherent ability on profcBaionul in come. Tho importance of such inlungiblcB 
as family connectiona and political infliicnco are not stressed enough, 
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Chapter 7 disoueses the stabiUty of relative income status for the saTne 
individual in different years. A new treatment of the problem is presented 
here whereby income is said to consist of permanent^ transitory and quasi- 
permanent components. If this analysis can be coupled with some estimate 
of the variability of the separate d^mponenta, it might prove of value in 
locating the cause of the extreme variability in professional incomes. Lineor 
regression analysis was used to compare incomeg in succeaaive years. This 
reviewer believes that any recommendations based on annual trends ate 
Extremely hazaidoue because of the correlations due to general business 
conditions. It ia suggested that a multiple regression analysis utilizing some 
general business index na another independent variable is needed. The au¬ 
thors use the analyBis of variance to teat for nonlinearity. They are quite 
perturbed about the normality requirement for the analysis of variance, 
but the correlation of mean and variance is a much more important disturb¬ 
ing factor. 

Chapter S presents some generalizations on the temporal changes in in¬ 
come for each profession and for business as a whole. The most important 
conclusion here is that there is a decided positive correlation between changes 
in professional and in general business incomes. 


UbVIEW by ZeNON SzATnOWBXI 
Instructor in Economics, Northwestern University 

T ins study deals with the incomes from independent practice in five pro¬ 
fessions, medicine, dentistry, law, certified public accountancyj and 
consulting engineering; however, intensive analyela ia applied to the more 
adequate dota of medicine and dentistry. The data, obtained from question¬ 
naires sent to sample groups, covers the period from 1920 to 1930. Presenta¬ 
tion of these statistics in tho volume, though a significant contribution, is 
only a small part of the contents. Analyzing differences in income and 
measuring the influence of factors giving rise to these diffeienceB appears to 
to be the principle objective. To quote the authors (p. 63): "But it ia not 
enough merely to name factors making for variability in income. To be use¬ 
ful the catalog must be quantitative aa well as qualitative; the importance 
of the different factors and the direction and magnitude of their influence 
must he measured.^' 

Pursuing this objective, the authors use statistical techniques which are 
relatively simple but adequate for the problem. Pertinent characteristics of 
the distributions of incomes are obtained and used to describe differences in 
professions and variation from year to year. Arithmetio averages, medians, 
and quartilea arc employed as estimates of general level of income; the inter¬ 
quartile range, standard deviation and Lorenz curves serve to measure vari¬ 
ability in incomes. These statistical measures are used as a basis for compar¬ 
ing incomes from independent practice with incomes from salaried em¬ 
ployment in the same professions, with incomes in other occupations and, of 
course, differences between the professions. Correlation techniques are used 
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to meftsuro the Btability of incomes from year bo year and tlio relationships 
between income and its clctorminanta, such as size of coininunityi years of 
practicGj etc, Index numbera are derived in order to describe temporal 
changes in the level and variability of incomes for tlm difTorent profesBions. 
The reliability of tho data itself is diaousBCcl at length. The objective teats 
of reliability which are used arc based on a comjmriron of sample data with 
samplGs of other studies and tho universe, with npl/icnlion of tho test. 

Tho approach followed by tlio authors is to give a relatively comploto 
discuBsion of the problem in connootion with each atop in Choir btatistical 
analysis, This is desirablo bocauso it enables an individual with Uttlo sta- 
tiatioftl training to get a good deal of information about tJic subject, lu addi¬ 
tion, in this way, the authors present tho rcnHoniiig wliich juBtifics their 
statistical procedure. For example, a priori they derive the determinants of 
income by considering the factors which influonco the demand, tho supply 
and the nature of tlie competition in connection with the different pro¬ 
fessions. 

In their discussion the authors are careful to point out tho limitations and 
shortcominga of their data and tho statiatical techniques they employ. The 
problem, from their standpoint, is to extract as much infornialion as possible 
from tlie relatively inadequate data which is available. They do bids compe¬ 
tently. The value of tlio book lies not merely in tho information obtained 
from the data which was available, Tho procedure which is developed can 
bo used profitably as a pattern for both a further study of more complete 
data on tho same professionB, and also in connection with stuclies of other 
iuGoniG groups. 


Mathematics ol Investment, Third Edition. William L, Ilarl (ProfosBor of 
MathomaticB, University of MinncBOla), Bound with Tabla for MathanaticB of 
Investin&nl^ Third Edition. Boston, Mass.: D. C. Heath & Co,, 1040. Pp* vii, 304; 
ii, 120. S3.0O. 

Review hy Lnovo A. Knoavlku 
Chairmanf Deparimeni of Matkcmalica 
JSlale Unwr'sily of Iowa 

T ke text consists of the three parts: Part I, Annuities Certain; Part 
II, Life Insurance; and Part III, Auxiliary Topics. EBsontially a 
fourth part ia provided by a rather exteneive set of tables for annuitiea cer¬ 
tain and a few functions of the American Experience Table of Mortality 
with interest rate of 3i%. 

The mala features by which this edition difforfl from tho preceding one are 
outlined in tho preface Bomowlmt as follows: 

An alteration Ims boon made in tho prcRontation . < .with tho aim of giving 
fclio student maximum acquniritniieo with , , , applicalionH boforo ho mcotB 
tho more unusual situations. . . . Tho exorcises nnvo been freshonod, , ,. 
Tho format of tho text and inbJes Jins boon changod. . .. 

In carrying out ‘^Tho primary aim to adapt tlio material, particularly that 
dealing with annuities certain, to the noeds and tho ability of tho typical 
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student in a college of business administration^' the author has attempted 
to keep as the "minimum prerequisite ... a substantial second course in 
high school algebra” and as a "maximum prerequisite (with certain except 
tions) a standard first course in college algebra.” 

Part I dealing with annuities certain covers pretty much the Tnatevial in 
standard texts of mathematics of investment or finance. As with the pre¬ 
ceding edition, it ia raS'hcr well writtem A nice collection of 106 review prob¬ 
lems ia given at the ond of this part. 

Part II dealing with life insurance consists of three chaptera, namely; 
Life Annuities, Life Insurance, and Policy Reservee. On page 204 we find 
that "Table XIV (The American Experience Table of Mortality) was formed 
from the accumulated experience of many American life insurance com¬ 
panies.” The accuracy of this statement ia doubted in that it has been previ¬ 
ously reported that the mortality statistics were deduced from experience 
of the Mutual Life Insurance Company of New York, but that the figures 
were inadequate at the older ages and bo they were arbitrarily adjusted some¬ 
what. Also, in the preface, we observe that "the notation and emphasis in 
Part II have been oriented thoroughly with respect to existing actuarial 
customs.” Some sources might question the use of the American Experience 
Table at 3^% interest as conforming to this custom. The use of this table at 
the interest rate indicated has no effect, however, upon the underlying prin¬ 
ciples. This part is meant, apparently, to be no more than a mere introduc¬ 
tion to the elementary principles of the mathematics underlying life in- 
auranco. 

Among the auxiliary topics in Part III is a diacusaion of computation and 
logarithms; progressions; and an appendix consisting of computation of 
interest by use of binomial expansion, force of interest, comparison of com¬ 
pound and simple interest for fractional interest period, certain interpola¬ 
tions, reference to depreciation charges, and abridged multiplication—a 
valuable aid which in the opinion of the writer should be used in those classes 
where appropriate tables or computing macliines are not available. 

Although several good textbooks exist in this area, it ia worthwhile to 
consider this one for use in an introductory course. It will, no doubt, bo 
adopted by a number of institutions. 


Theory of Functions: Part 1, Elements of the General Theory of Analytic Func¬ 
tions. fConrod Xnopp (Professor of Mat hematics, University of Tubingen, 
Germany). Translated from the fifth German edition by Fr&dp.rick Bageimhl 
(Instructor in Mathematics, University of Rochester). New York 19: Dover 
Publications (1780 Broadway), 104C. Pp, vii, 146. $1.25. 

Review ht Edmund CiiuncHiLiii 
InslTuctoT in Malhemalics^ Uutqers University 

T he dcpendencQ of modern statistical theory on advanced mathematical 
tools makes it increasingly desirable that the statistician have a 
background in mathematics that goes well beyond the traditional courses in 
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caloulufl and algebra. Some knowledge of the theory of functions of both real 
find complex vnriablea, for example, is certainly c.SHcntial to a complete un- 
derstanding of such books as thoso by Kendall and Wilkn on atntiatical theory 
find of most of the literature on distribution theory. The stniistician not 
already acquainted with the elements of complex fuuclion theory will find 
this little book by Knopp an excellent introduction to the Hvibjoot. It is a 
remarkably reaclnblo book, concise, clear, and rigorouH. A number of brief 
illustrations and nltcrnabo forms of definitionB help to clarify important 
points. 

While this book was not written cspccinlly for the atatisticiftn, the nmtoriul 
which it contains is so basic as to bo valuable in its entirety to the statis¬ 
tician, Tho Bubjecta treacled cousiat of numberB am! points, the gcncritl con¬ 
cept of a function of complex variable, integrals of complex functions, 
Cauchy's integral theorem and formulas, Taylor and Laurent series, analytic 
continuation, eingulnritios, and the rcBidvic theorem, Perhaps half of Ihcao 
topics are involved, for example, in calculating the moments of tlio normal 
diatribution by means of ita cliarncteristic function, The rosidue thcorom 
often offers the aim pleat method of calcuhiliug intcgralB that nriae in atatia- 
tical probleina, Other problemfl of statiatical importance require a good deal 
more fiuiotion theory than could bo included in a book of tliis «i7,o, but a 
knowledge of what is in Knopp'a book should enable one to coinprchend 
most of the advanced theory in the more coinpicto Ircatisca when it irt needed, 
What, in turn, is needed for an undoratanding of this ))ook U roughly the 
equivalent of three BcmcHters of calculus, ineUidiug a good gnij^p of the con¬ 
cepts of convergence and continuity. As a book for *iolf study, this book 
auffers from the small number of exercises included, A porson using tim hook 
for this purpose would do well to obtain the first volume of Kuopp'a A«/- 
gabensainmlung znr Pimktioncnthcoric (Berlin: Walter cle Gniyter &: Co,, 
1023), a collGCtion of Beveral hiinclrGd nxcrcises on this material with tboir 
solutions^ which, incidentally, will put little strain on tUo reader’s Genuau, 

The physical appcnranco of the book and ita Iranalniion me good; the 
price is moderate, Similar publication of Bcvernl other volumG.H in the Gcr- 
mcvn ''pocket book” aerica would constitute a real nerviuo la aludcuta of botli 
statistics and pure iimthoinaticB, 


Curva FUting ior Students of Economlcsi Brij A^aram {Profc.*jsor of Kcoiioinics, 
Saimtaim Dlmrma College, Lahore, Indin). Lahore, India: 8. Cliund A Co,, 1044. 
Pp. viiij 107. Bb. 10/-. 

Hbvirw ny John II. Smith 
Acting ChieJ StatiHician, fhireau of Lahor Siuii^icR 
Wttshingiont 7 >. ( 7 . 

I N T3IB first four clmptora Narain presents clcinontfiry applicnliuna of least 
BqmreB to original data and to their logarithnifl. The lifth cha))Ler is de¬ 
voted to population concepte such as life tables, net and groan rcproductioJi 
rates, and age composition, In the last two chapter.^ is presented a incUiod of 
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fitting curves to population data and to frequency data in ogive form to 
which "the attention of the reader ia specially drawn.If x represents popu¬ 
lation, an arbitrary time origin is chosen at which a: ^a/2. The trend value 
of X at time t is determined from the polynominal trend value of K, the 
average rate of change in log ic^log (a—ic), from the origin to t. The presen¬ 
tation ia made more difficult to understand by the fact that the author 
calls a the ^^maximum population^* when most of the examples show popula¬ 
tion for which the trend declines before reaching this "maximum.” This 
method might be adapted to special types of problems. Even if less flexible 
trend functions were chosen for Jf, however, the method could not replace 
forecasts of population based on trends in birth and death rates and changing 
age composition of the population. Except for this specialized type of curve 
and the use of Indian data with accompanying discussion, this book haa 
little in it which would be of interest to readers who are familiar with the 
much more comprehenaive books by writers in England and the United 
States such aa the ones by Croxton and Cowden, Ezekiel, Elderton, and 
others. 


LETTERS ABOUT BOOKS 


Readers are invited lo submit letters cibout statistical methodology hoohsfor 
•puhlicaiion in this forum. Concise, informative leiiera which sup'plement 
previously published reviews by pointing out specific strengths, weaknesses^ 
errors, and errata in currently used hooks are wanted. Criiicis^na based on 
actual use of a hook aa a text are especiatly desired from statistics instruct 
tors. Other leiiera may consist of suggestions for the writing of boohs and 
reviews. Leiiera which contain adverse criticisma of JounNAn reviews mil 
he submitted lo the author of the retnewfor any reply he may care to make. 
Contributors are requested to avoid personalities, The right lo decide whether 
a letter Tnerits publication is rcsert^ed. Letters should he sent to the remew 
edi7or, Oscar K. Buroa, Ruigera Universityf New Brunswichi N. J, 


SEQUENTIAL ANALYSIS OF STA¬ 
TISTICAL DATA: APPLICATIONS 

REVIEW by D. L. Welch of Seguen- 
tial Analysis of Statistical Data : Ap~ 
plicaiions, contains the following sen¬ 
tence: "A basic criticism which has 
been made of Wald^e work is that fre¬ 
quently m will bo about halfway be¬ 
tween m\ and m 2 , and that thereforo 
nppreciablo avernge reductions in gam- 
pling size will not happen.” I should 
like to comment brioily on this. 

If it were true that a substantial 
part of a factory's output had to bo 
charactorizod by m about halfway be- 
twcon nii and tnj, much more would be 
wrong with the sampling inspection 
sclmmc than moroly failure to effect 
economics in inspection. The probabil¬ 
ity of acceptance at m is of tho order 
J. (By this is meant that it is fairly 
largo. Its exact valuo of course depends 


upon tho various para me tors involved.) 
Now if product char act ori zed by w is 
aatisfnctory, than either the producer 
or the consumer has a legitimate griev¬ 
ance in that a subatantialj satisfactory 
portion of the output ia being rejected 
or completely inspected with the cost 
that thia implies. If product character¬ 
ized by 711 is defective, then a substan¬ 
tial fraction of the output is defective, 
and these defective items are being dis¬ 
posed of partly by acceptance by the 
consumer and partly by rejection (at 
tho producer's expense, presumably). 
Such an economic setup cannot long 
endure and calls for changes moro 
drastic than a change in sampling 
plans. It scorns to me timb in a produc¬ 
tion syatom which has reached at least 
the approximate stability where one 
can be concerned with such questions 
ns minimizing average inspection, the 
bulk of the output must bo in the 
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nc^hbothood of mi; coiisociUQtitilyj tho 
criticism ia invalid. 

Now TTii deiiotea good product mid 
mi unflEjtiflfixctory product. Let tho 
process averago bo denoted lyr m 
which tlicreforo licB near nij. A. Wiild 
BcciugnllEK^ test iUBpccUou 

at mi niid 7 ?ij. It seems to mo that a 
next stop should bo to coiislruct a teat 
procedure which will havo the prp- 
soribod power at mi and mi and will 
minlmizci mspoetion at tho procces 
average sn. Using Waldja equation (or 
the power of a Bcquentinl test such a 
test procedure can nt present bo con*' 
Btructod to a required degree of ap¬ 
proximation only at largo cost in com- 
pufcationnl effort. Clarification of this 
problora should bo of service to Ihoao 
ongnged in ncceptanco sampling mid 
would no doubt contribute to tho 
theory of Wald tests. 

J. WoLFowiTZ, vlffSoctnle Pro fea¬ 
sor j In&iUiUc of StaiUticB^ Uni- 
veraily of North Carolinat Paleigh 

industrial statistics 

I N RESPONB0 to yoiirrcqiioatforlctlors 
concerning TCGcnt hooks on BUlieli- 
cal methodology wo comment below 
on H, A. X'^rcoman^a Industrial Slaliatics 
(Now York: John Wiley & Sons, Ino.i 
X942J, Wo feel tliat tho title nnci wido 
dislrtbution of this book have caused 
many statisticftl novices to read it, 
and that it ia thoroforo jmiiortant to 
correct somo of its more important 
orroTB. por many of those, tho autlior 
should not bo hold responsible; they 
have been colieclod from tlio litera¬ 
ture where they lutvo the support of 
eminent Btatisticians. 

the dbe of the t tk6t. On page 17 
Freeman points out that **a large 
value of i may reflect differences in 
variances rnthor than difTorcnccs in 
moana^* and then pasacs to a test of 
homogonoity of variance. Why not in¬ 
clude a aimpici conaorvativo vcraloti 
of the t test? One such ia obtained by 
estimating tho variance of each mean 
from tho correapouding Bumplo, nd^ 
ding these together to cstiinato tho 
variance of the difforonco of moans, 
and then using the Bmallev number 
of dogroofl of freedom. When the two 
aampres are of equal eizo, tho only 
ahange from tho cfaBBloal pTDCodut'o (a 
the halving of the number of dogroca 
of freedom, lloro one may point out 
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that tho “Joss” of dngrcca of freedom 
ia an exiunplo of the bnlanco of 
ficiiBilivity va. Hoeurity which ocGur$ 
throughout all stulisUcnl praccdutcs. 
Immediately follnwiiig the warning^ 
Freeman unnlyjsca on example wliero 
tho varluncft ratio is which is at 
about the 8 per cent point for 0 and 9 
degrees of freedom (two-tailed P teat). 
The lack of homogeneity in aurely ana- 
picioUH and might well ho diKCusHCd, 
yob it is not. Tiie 6 p{?r cent noint of / 
on cohBorvaiivn 0 df wnnld be only 
2,202 inalcad of 2.101 nii 18 df. Tliig 
fact would help the render or student 
who has to apply Ihia Lecimique hi 
practice, We arc rehiclunt to conclude 
from this warning and example that 
Freeman believes that whenever a lost 
of signifieaiice failn In imlinatc differ- 
cut variances it is aiitcnnatically safe 
to ofiflunio them tlio Hanie, hut a stu¬ 
dent might easily coricludc this. 

On page 02 we find "Jfiul the cnliro 
sol of grids differed signi fieantly among 
Ihomselvcs, tho fDllnwIng procedure 
could have iiccn used to determliiQ 
whether or not tho aiqmront bust and 
second beat grids differ Hignibcanily be¬ 
tween tUeimwlvea/ Aftur ovahuiug 
the use of a (test after an P lest, Free¬ 
man pohila out that the clilTcrcnco 
between the Urgent and the Binnlleat 
will often appear ‘^significant^’ duo 
solely to orrnri and then wuniB the 
roaclor Virieliy ihaL ♦‘A i Itssl npphed 
to two means after over-nil Iiomo- 
geiicity has either been refuted or not 
must ho used with caution.^ lie might 
cilaa warn the render about tlio case 
where tho P test 1ms not heon made. 
Yet on the next page he uses tho i Lest 
on tho heat and secorul bent without 
coinnientl In noli dug this point we 
do not wish to Imply tlmL a good solu¬ 
tion ox’islfl—w'o know of none—but wo 
feel that tho reader should Imvc been 
Warned. 

the use of Lq and Li tEbth. On 
pago 17 l*'rcemau iutraduces tho L\ 
lost* for apniicution to tho csso of two 
vnriancoH. From a pndngngical point 
of view there BeemB mvicU in be guiued 
by tibing a two-lailed P teHt» winch ia 
perfectly equivalent and part of a 
widely fipnbcnblo teal. At the top of 
pago 17 the aainplc sizcH ru and iiy 
nro polontinlly dilTorent, in the middle 
of page 17 the Li leal irt anggealed. and 
U ]B not until page 87 that we learn 
that tho author docs not want to uao 
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tlio Li test unless the sample sizes are 
oc|^uaL What is one supposed to do 
with two unequal samples? (Why not 
use the L| test?) 

On pa^D 87 Freeman states the ques- 
tiouB which the Lqj Li and F tests are 
supposed to answer, but ho makes no 
statement of tho very important fact 
that these testa assume that the differ¬ 
ent samples came from normal popu¬ 
lations whether or not the hypothoais 
tested ifl true, On pace 91 these testa 
aro then applied blindly to suspicious- 
looking data without inquiring as to 
normality. 

CONCLUSIONS FROM TESTS OF SIG¬ 
NIFICANCE, On page 24 wo find that 
lack of atatiabical significance implies 
that '^Hardness is really affected by 
stain, wlicroaa breaking [bonding] 
strength is not.” That is, from lack of 
statistical significance we conclude 
lack of real effect—this seoma highly 
unsound I In the actual situation, it is 
OJctremcly probable that whatever 
ohomical action ia involved in ataiiiing 
does have some average effect on tho 
bonding strength. While tho data 
probably do support tho conclusion 
that tho effect of stain on bonding 
strength is unimportant in practice, 
it is very important to distinguish 
between this conclusion and tliat 
stated on page 24. 

Tliorc is a general tendency to dia- 
CUBS tlio case of two aignificance testa 
and n combined test in a confused or 
orronooua way. It is well known that 
if all tests are applied at the same level 
of significftiiCG the following posaibili- 
ticB arise: (a) all tests show significant 
effects; (&) one single test and the com¬ 
bined test show significant effects; 
(c) one single test shows a slgnifioant 
effect and no others do- (d) no alngle 
test shows a significant effect but 
combined test docs; and (e) no test 
shows a significant effect. 

Case (c; arises infrequently, but, as 
the Qxampla 4'bl ==6 for x* on 1 -\-l - 2 
dogreoa of freedom ahows at the 5% 
level, it can easily arise in practice. 
What conclusion to draw when it docs 
arise is a difficult and, Wo believe, un¬ 
settled problem. (In fact, tho general 
question of drawing concluBiona when 
multiple teats are applied seems to bo 
almost ignored by Pieeman.) The dis- 
cviBsion at tho foot of page 61 is a case 
in point, although four teats not two 
are involved, for wo are asked to con- 
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elude that if relatively insensitive tests 
for normality and for equality of vari¬ 
ance detect nothing, then a large F 
value must imply differences in the 
moans (“it follows that the part of H 
which is untenable is”). This neglects 
all possibilities of typo (c)l On page 89 
wo have a similar situation—if the Lq 
test is not significant, then tho Li and 
F teats “must both fail (i.e,, show no 
significance)/ 

Possibility (d) above is al^o hard to 
interpret; 3+3 = 6 illusbratos its oc¬ 
currence for on 1+1=2 degrees of 
freedom. On page 90 we arc tdd that 
such things cannot be, for if the Lq 
test is significant and the Li test is not 
“hence they must differ in their 
means.” 

This treatment of overlapping testa 
of significance seems entirely unaatia- 
factory. 

One of tho most eorioua examples of 
drawing false conclusions from teata of 
significance ocourra in Freeman's dis¬ 
cussion of regression problems, where 
significance of regression, is misinter¬ 
preted to mean adequacy. On page 
100 we are told that tko '^adequacy of 
a straight lino . . . may bo tested by 
determining the probability that 
It is clear that this tests whether the 
slope of the regression line is different 
from zero and that it cannot, for ex¬ 
ample, indicate whether a curved re- 
groasion line is needed. On page 102, 
“If the regression lino is inadequate, 
the moan square due to regression will 
not bo significantly larger than tho re¬ 
sidual or chance moan square." Chance 
mean square, indeed I this mean square 
contains all effects due to cui vilinear¬ 
ity of regression! The same comment 
still applies. On page 104, “Linear re¬ 
gression does not account for a suffici¬ 
ent part of the total variability; it is 
not adequate for the purpose of pre¬ 
diction.” This conclusion ia reached 
on a total of 10 degrees of freedom and 
without consideration of tho accuracy 
required! On pagoa 107-8 the question 
is asked “Would the regression . . . 
enable us effectively to predict warp 
breakoge, or is tho residual variability 
too great?” The question ia not an¬ 
swered explicitly, but a regression on 
tho “important uifiuence^ namely, 
relative humidity” is calculated, and 
found to be highly significant. It ia 
not pointed out that the effect of re¬ 
gression is to reduce the mean square 
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from 1.23 to 1.18, and the standard 
error of catimato by less ilinn 3 per 
cont. Ih tills olTecti VO prediction? 

Finally oil pago U7 tlioto ia a com¬ 
bined conclusion, that because F"3fj.8 
the rogroeflion describes the relationship 
heitueen iensiio slrengiht hardness ond 
densUv, Tlicro is no reason to believci 
thnt 'HUIb rolationsliip/ wliatcvcr tliat 
may moan, ia linear. 

Tnii rnoui.Bli oy noiimalitv. Free- 
man^s attitude toward normality in 
small flamplcs does not BOom to bo 
clear or conaiBlont, On page 0 wo nte 
told that “Olio of tho facts nsBUmed to 
bo known of the popnlntioii * , . nor- 
mnlly cliatribulod” nnd Uiih i« followed 
oil tlio same page by “Tlio leclmiqiio 
ottesting thehypQUiesia that the popu¬ 
lation is normal Is similar in general 
naturo to tho tost of tho hypothesis 
d':a.O; . , This !fl followed by a clo- 
Bcription of tho a nnd bi tests of nor¬ 
mality. These testa axo applied lf> a 
sample of 16^ with no specific indica¬ 
tion of the wide vnriations from nor¬ 
mality whieh would nol bo detected 
Jn Buch a sample. Preomnn atatca only 
that ^For Brnnll samplca those loata 
nrG Bonsitivo only to largo doparlurcti 
from normality/' 

On page 21, wo have n paired com- 
parieou of 28 difTcroncoa. oiio of which 
IB oxcoptiqiiahy largo. Tins is clotirly a 
fertile Hold for a test of normality, 
ovQu with a aamplo aa amall as 28» 
Yot there ia no such test, hut only a 
diacuBsion of ilio possiblo omission of 
tills obscTvatioii. Freeman atalcB Dial 
pmiasion is iinflound without ancillnry 
informatioUi and does not dibcuss llio 
very practical problem wdicro appar¬ 
ently discropant obscrvatioiiB aro duo 
to nonnormaUly, 

On pftgo 25, we have a aamplo of 6 
and a firm dcciaioii not to make a test 
of horraality, VVo conclude that Free¬ 
man woulcl atop testing Bomowlioro 
between 15 and 5 observations. On 
page 27 wo nro told that if the aainplo 
ifl larger Uiati GO, and if the population 
is as much as 10 times an largo na llio 
samijlo “tho tondoney to normality of 
tho disLribubion of tlio tnoaiia of riiii- 
clom eamploa is negligibly afTeoted by 
tho nature of tho pojndalion.*^ Tho 
Well-known Cjiuchy distribiition and 
its many rolativoB show tho incorrocl- 
noaa of tluB as a mathematical Blnio- 
mont. Opinionfl may dilTor ns to iU ap-^ 
plioatlon in practico, but wo doubt ilH 
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validity. Tho Hludont may easily con¬ 
clude that in bainplcn of 50 nr moro 
it IB iiHclcsn lo Lest normality, since it 
does not mAtlcr. iVo would iioM, on 
tho contrary, that sriniples of more 
than GO are needed to make a test of 
nnrnmlity which is seiimtivo enough 
to fjivo any eomfortnljle naHuraricc of 
SLillicient normality to warrant tho 
UHO of Lho eomnirjii LchtH at oven the 6 
per cent lavel. In praetice, evidence 
iiboul iiorikmlit)' oritKliick eojiies from 
broad dxpurienro or oilier mmn)ilcH. 

On pagou 37-‘3H Free man develops a 
more or less eonvenlUmul derivation 
of tho normal dialrilnition from many 
conLrihuling effoclH. T)iere ia no indi¬ 
cation that tlicso efTeelH bo nd- 
tUUve. (Clearly if uddiLivc effectH make 
X nonniilly distributed, then iiuilli- 
plicativo clTects make c* noiiiiorinall) 
Tins analvsih o\r vaiuanoh. Tho 
introduction of the aiud3'siH of vari- 
r\ncu on page 68 ueeina exccediuply 
messy. Wo arc nnnblo to delonnino 
wliotlicr Freeman \viHhc^H to treat tho 
column jKipidnlion nieaiiH ns fixed or 
as a nuulom Hamrde from a rionnnl 
population. Wo fuel ihnl any luioqvuUo 
treatment must clisnuss and dls^ 
tiiiguish both approaclics. 

On Jingo 03 vvo are told that “Fivo 
indonoiufciiL cstiinateH of the varianco 
of Lno populalinn can hu fcnnitl, of 
wlilch four are listed in the following 
tablo." Tboro is no suola fifth esilmalo. 
On page 72 We aro told that “Tho 
P test, iiH used ill tho nnnlysia of vari- 
mico, is cBsenlially lho ratio of vari¬ 
ability iiSHOciated with a siisjicclcd 
cauHQ t<i oitor,” Thia is, it sccmn to ua, 
oxccoflingly linblo to misinternretutiou 
—only if the reader really understands 
the aiialysib of variaiieo la advance can 
bo iiiterjirct tho word “asHOciuicd" 
aafoly. 

On llio samo nngo Frooinmi leafs the 
variability of lot rnoaafl. If bo bad 
wlahcd to make tho tost on the assump- 
lion that either (a) tho same nino 
rollB from each of the muim three lots 
nro to bo loHled and roloslod, or (b) 
Lhoro aro exactly nine tuHh in a lot? 
Iboii it would liavo been jiroper to IchIp 
ngainsb the mean Hquaro for ernir. If 
bo winhed in treat lho roMs aa sum- 
jloH of largo lots of rolln, it would have 
jcen proper to Lest agjdiiHt Lho mean 
nqiiaro for rolls within lots. The first 
is lilglily significant, Ibe second very 
near tho SO jier cont If lhoro nvo 
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many rolls por lot the conoluBion would 
bo that thoro are dilTeroncea from roll 
to roll of etatlstLcal BiEnificancG and 
that thesG adequately explain the 
obaervod lot-to-lot variation. Freeman^ 
hoWQVCv, lea ted aRaiuet a pooled mean 
square for which wo know of no 
reason aide interpretation! 

The diacMBBlou oC olttaBification of 
iiitcracLioii terms on page 85 ecoma un¬ 
satisfactory. It begins with the atntc- 
munl that ^'hotween pota” has no in¬ 
terest bocauHo Hho pots woro not used 
in any particular aoquonco.'* In their 
original paper (referred to by Free¬ 
man) Hampton and Gould abate that, 
in tl\ia aorica of teste, the pots wore ac- 
Icctcd to bo as different na poaaiblo, 
tliQ mean aquare found (the largest of 
all) euggcflta a dofiiiibo systematic 
effect duo perhaps to selection of pots 
or to the fact that the same two 
archc.e were used in all runs* Freeman 
atatca that "between runs” also means 
little Localise "the runs arc quite inde¬ 
pendent of each other”—yet they were 
made at clifToront times and contain 
the effects of weather aud of the judge- 
meut of the (urnneo operator as to 
when the temperature should bo rc- 
ducccl, Tlio moan squaro for runs is 
the third largCBl in tW analyBiB. Pro¬ 
ceeding on tlicHo assumptions, which 
are likely to be incorrect, Freeman is 
then able, by Home pvinciplo not clear 
to UB, to clasBify together undor 
"ninong cylintlcrs" (pngo 80) terms 
with mean squares of *1500, 1022 and 
183—l)y the size of their mean squares 
alone tiioy are of vastly different na¬ 
ture. Freoman acorns to imply that to 
internret an interaction term it should 
bo classified under one or tho other 
main cnccls, a procedure which seems 
to us contrary to the basic principlos 
of the analysis of variance. 

No account is given of how tho 
analysis of variaiico technique can bo 
applied to the estimation of oompo- 
neiita of varianco. This wo havj] found 
at least as important ns the Bignificanco 
test use of analysis of variance, and its 
omission we consider particularly un- 
forLiniato. Tho omission is tho more 
aurprirting in that Tippett (upon whom 
llio author 1ms drawn for aoveral ox- 
ninpjoH) is very clear on the point. 

On pivgo 108, wo avo told llml a cer¬ 
tain Hulisidinry variance annlyBis may 
bo UBCful ‘^for linear rogrosaiona calcu¬ 
late cl from grouped data.” V/hy only 
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from grouped data? The statifitician 
may group his data at least as intol- 
UgontTy as the man who groups it be¬ 
fore lotting the statistician see it. 

On page 74 we have error pilod on 
OTtor. All the mean squares are tested 
against tho moan square for error, 
wnero for the conclusions drawn both 
"^oiib” and “lot” should bo tested 
ngainpt "interaction.” Second, all the 
F critical values are incorrect—the 
degrees of freedom have been permuted 
in using tho table. The correct critical 
value Tor "intoraction vs. error” is 
about 2.31—tho interaction is sig¬ 
nificant. Tho "lot vs, interaction” teat 
is significant and nearly highly sig¬ 
nificant, while “cut vs. interaction” is 
far from significanCG. The correct con¬ 
clusion is that there wero significant 
lot dillorGncca and significant inter¬ 
action of between lot and cut, but that 
there was no indication of an average 
effect of direction of cutting, Compare 
these with Freeman’s conoluBiona, 

On page 6Q Froornan states that “It 
is unlikely . , . that just five machines 
would bo used and that each would bo 
used exactly cince with each grid and 
oach operator. If these conditions are 
not satisfied, machine effects cannot be 
removed,” NonoTthogonal analysis of 
variance is not easy to analyze or in¬ 
terpret—but it is an essential tool in 
deciphering incomplete expcTimentB. 

heohesbion. Tho treatment of re¬ 
gression is unsatisfactory in. a number 
of respects. Some of these have been- 
referred to olscwhcre, in particular the 
USD of a significance test as a criterion 
of "adequacy" of a regression oquation, 
Perhaps tho most BoriouB confusion 
exists on the question of the choice of 
independent variable. On page 113, it 
la stated that this choice "dopends 
not on what we would like to predict, 
but on which of the two variables, X 
and y, is free from error.’* The author 
goes on to say that if X is free from 
error, and we wish to predict X from 
Yj WG should obtain the regression of 
Y on X, and then solve this for X. 
But on page 00, ho treats a problem in 
which a moQSuroment Y is accurate 
but costly and dcBtructivo, and it is 
desired to substitute a cheaper but 
loss ftcurato nondestructive measure- 
ment X. To solve this prolilom he ob¬ 
tains the regrossion of Y on X. 

This is not the place for a comploto 
discussion of this problem; but it 
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should bo pointod out ilmt tho 
mont on page 113 ifi wrong, and that 
the proper rogresaion waa fitted on pngo 
09- it may bo auapocted that the aLato- 
ment on page 113 arose out of n mis¬ 
reading of A paper by Elscnhart to 
which ro/oronco is made. Eiflenliiirt 
was Goncerncii with the problem which 
arisea when the valiica of one vAriablo 
have been arbitrarily fixed, In this 
<!CLflo> of courfloi only one regresBion lino 
is available. 

-riiB rniLOflomY op RXPKiiiMKN'rA- 
•rioN, On page Erooman indicalca 
thftt it would navQ been better to omit 
‘'muck soil" from tho pipe oxperimont 
if the oxpcriinouLer know In acivauco 
that it behaved clilTorcnLly from the 
other soUhj because ''its inclusion is 
uninfomativo and tho Iosb \\\ preoiaion 
is costly.” This conclualon ia dearly 
not generally valid, for ilio renl pur¬ 
pose of thia experiment will often ho 
to servo as a guide in choosing pipe 
rather than in eatimating the average 
efTcot- In tho siluallon pnv'iBaged iioro 
It would probably bo wise to allot not 
1, but 3 or 4 of the small number of 
pul re available to different mucky soils 
and to agree in ndvance that the 
mucky nnd iionmucky groups bo 
anolyzod sopAratcly, 

On page 7, Pronman staloa that tlio 
intolligent oxnorlmonlor will oheauj 
use A method involving a variable 
rather than a method involving onto- 
gorios. Some attention must cortainly 
bo given to the rolatlvo difTicuUioB of 
obtaining equal sized samples before 
an adequate atiavvor can be given. 

On page 07, wo nro told that tlio ubo 
of tho liutin bquaro "wasloa” degrees 
of freedom v/l\\d\ could olUprwiBO ho 
allotted to error. This question arisea 
not onlv for Latin Squares, but in 
every doBlgn situniion whero some 
degrees of rrceclom liavo been nlloUcd 
to somo variablo of polential impor- 
tnncD or offcob. It Bccme to us that no 
waste ia involved; If tlio moan equaro 
for thia additional variable is about tho 
size of tho orror. llio average practi¬ 
tioner will, wisely or unwisely, pool 
those togothor with no loss of degrees 
of froodom, while if tlio moan sqiiaro 
la larpjo, it has boon worthwhile by 
roduoing tho size of tho orror moan 
aquaro. 

HABIO ABBUMPTIONfl, On pAgQ 44 WO 
are told that tho oatimato of based 
on tho aum of equarea of doviailona 
from tho samplo moan is “boat'* hi the 
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sonao of minimum varmneo. Thia oo« 
curs in A soctiou diacuBsiiig the up-, 
binacd nature of this esUmato (Froe- 
mnn introducen tlic excellent term 
“mean catimatq'’ here), wliero every 
result except this oini nbouL minimum 
variaiico applies to nrbilrary dialribu- 
tioiifl. There ia no warning Hint mini¬ 
mum variancu in known only for tho 
iLormnl dislribulion, whiln for other 
diatriliulions, e.^.i tho double expo- 
iionlini, other oalmmloH have minimum 
vnrinneo. Tho Hiiino dniigoroua aUtc- 
men I ia npplii!<1 to two sniiiplcs at the 
top of nngo 47, 

At tho foot of pngo 08 wo aro told 
that if vvG draw chips teach hearing X 
and Y) from a bowl, and if the cor¬ 
relation between X mid Y is zero, then 
tlm ordinary rcgrciwsiou analysis leads 
to A quantity with the F diatribution. 
Thia JB, of course, only known to bo 
iruo when the dialrlhiiliim of X and Y 
ia bivarinto normal, niul is fnlso when, 
for oxainploj their distributioo is bi- 
variato iimform. 

On page 106 wo nrc told that *"11 is 
hero asaumed llint the variances of nil 
eight doUimiis nro equivalent, within 
tho limits of clmiice variation, Tina as¬ 
sumption, which may ho checked by 
the Jji tost, rouat bn mot for tho F tost 
to bo valia," U senma to us that any 
iutorprotntiou that a Htudorit is likely 
to put on this is wrong. Fur oxampio, 
ihoso mjainlorpretalioiiH seem likoly: 
(a) Unless tho munplo variaucca of the 
eight Gohimna incot tho Li teat, tho F 
teat iu invalid, (b) If tho nopulnlion 
VArlanccn of tho eight coluinuB aro 
nearly onoiigli equal to allow tlio sam¬ 
plo to paas tho Li lest, the F teat ia 
oxncl, Tho proper intornrotntion, of 
course, W'ould bo: (c> Tlio F teat is 
only exact when tbo eight column 
populaliona nro normal with tbu samo 
vnrinneo; wo may be able to dotcct 
largo doviations from equality in Iho 
sample; tho F lest is not imdly affcclod 
by lack of oquality*; wo will not malco 
too many scrioua miatakes if wo use tho 
F tent, checking sUBpirious eases with 
tbo Li teat and waLuring down our 
concluBioiiH when the lack of homo- 
gonoity Hcama largo, 
coNTitoii. On pagoH 131-32. wo aro 
Introducod to a definition ol control 
whioh BcuTTifl to ua widely dilTurciit 
from that employed in practice. Im¬ 
plicitly U acomfs to Hlalo tuat a proce^ 
Is iu control when ita output ia ran¬ 
dom. In Showliavt'a original disciiB- 
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Bioiip he made U clear that ho defined 
control economically, not statietically. 
Control meant that it was not eco¬ 
nomic to try to remove further oauacB 
of variation, which would almost cer¬ 
tainly exisb and cause non-randomnesa 
in any practical state of control. The 
control chart procedure waa developed 
empirically to help to attain this state 
—and was to be uacd both before and 
after control waa reached. Yet on page 
133 we are told that the type of "sys¬ 
tematic quality control” diacusaed in 
this chapter cannot bo used until 
population homogeneity has been 
reached. On this Internal evidence, 
then, these methods are only useful for 
the, possibly uneconomic, refinement 
of a quality control program set up by 
more useful methods. 

In passing wc note the equality be-' 
tweeu sample and population values 
which page 133 promises *‘will bo 
shown” later. Wo presume that an 
averaging operation has been neg- 
leoted. 

The table on page 134 offered an 
alert expositor the chance to point 
out the change in level of defoctivea 
between the 6th and 7th days. Any 
plot of p would make this obvioua. 
It seems poor pedagogy to point out 
that the results are not homogoncoua, 
and not to take the data from the 7th 
day on and show how they behave, 
Noting the error of 9,8 for 7.8, six of 
the 7 vahicB of “p . , . in following 
sample” on page 135 are below the 
control limits. The render should be 
told how suapicioiis this is. 

MINOR POINTS. In general there 
seem to be unduly many significant 
figures. On page 13, for a sample of 15, 
we are given an estimate of ar^ with u 
‘^significant figures;” surely three could 
have been dropped without loss. But 
on page 117—wo have a mean square 
on 2 df given to 10 ‘^significant fig¬ 
ures,” where 3 could be regarded as 
slightly exceasivo. This is more inter¬ 
esting since, in the same table, a moan 
square on 67 df is givon to tnree loss 
^‘significant figures,” This seems quite 
illogical. 

The exponent of 4 instead of 1 for 
tho denominator of the estimate of /44 
on page 32 might bo annoying- On page 
69, the last parenthesis should bo 
squared, 

John W, Tukby, DcparCmenl of 
MatheinaticQ Princelon Univer¬ 
sity 


CHAiiniDS P, WiNBOR, Depart- 
ment of Bioslatistics, School of 
Hygiene and Public HeaUh^ 
Johns Hopkinis UniversUy 

ELEMENTARY STATISTICAL 
METHODS 

E LBMENTAnY Statistical Methods as 
Applied to Business and Economic 
Data (New York: Macmillaix Co., 
1943) by William Addison Nciswangcr 
is an elementary text designed espe¬ 
cially for use in a first-aemeatcr course. 
The theory of statistics is illustrated 
with concroto examples. Formulas are 
given without proof. This is, of course, 
necessary because an economics fresh¬ 
man would not have enough mathe¬ 
matical training to follow tno deriva¬ 
tions of the formulas. But the author 
has gone too far in distorting the the¬ 
ory of statistics. 

In regard to normal distribution, the 
author said (page 209), ^This normal 
distribution is also referred to as 'the 
bell-shaped ciirve^' ‘the curve of er¬ 
rors,' 'the binomial distribution.' all 
of which, while having technical dif- 
fcTenoGS as to meaning, are commonly 
used interchangeably when, referring 
to this distribution.” Since tho author 
realizes that these terms have technical 
difTorcnccs, he should discourage rather 
than encourage their misuse. It is es¬ 
pecially absurd to call a normal distri¬ 
bution a binomial distribution. The 
author states repeatedly (page 249), 
“normal in the Gaussian sense,” Docs 
a normal distribution have any other 
sense? 

In diaousaing tho merits of tho dif¬ 
ferent kinds of averages such as the 
mean and the median, the author 
failed to mention the most important 
property of the mean, i.e., tho mean 
generally is a more efficient statistic 
than the median. 

The author called fp. 340) the coef¬ 
ficient of variation "a pure number 
which describes relative variation.” 
It is true that this coefficient is inde¬ 
pendent of unit, but ho did not men¬ 
tion tho fact that the coefficient of vari¬ 
ation depends on tho origin which is 
an unclcsirablo property of this coof- 
Jiciont. A mean can l30 zero and indeed 
can bo a nogatlve number. 

The autlior defined (p. 346) the 
standard error of the mean as “the 
standard deviation of a series of means 
computed from large samples, drawn 
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At random from a single, homogcncoua 
univcreo." 

First, tlic size of fcho SAmpicSp inrpD 
or a mull, lias nothing to do with the 
dofinitlon of tho standard error, Init 
tile sriTnplcs must ho of Llie snmo size. 
Second, the mcaTUiig of “a acricij of 
moans'’ ia not clear, bub it wns iiiter- 
proted later (p. 340) na tho monns of 
largo number of random aaniplcH." 
Tho niitnbor of tho aamplcfl \h quito 
irrolovant to tlio dormilioii of llio 
standard error of tlm moans. Tlio 
*'Berio8 of means'’ mufll ho composed 
of all possible means, tho number of 
which may bo large or smalU 

Tho author did not give tho oxnOt 
relation botwcon tho alniulard error 
of tlic mean and tho standard devia¬ 
tion of tho population which la 
Instead, ho gave an equa¬ 
tion (p. 348) showing tlio relation of 
tho standard error of tho mean and Iho 
standard deviation of the sample 
without Baying that it is only on ap- 
proximate rolation, ^ 

In testing the Bignificanco of tho 
[ diffcronca bo tween two sainido means, 

! tho author stales tho null nypollicsis 
! AH this (p. 357): ‘'Our problem hero is 
to determiiio wholhcr both might 
! roABonably bo viewed ns having eomo 
' from one and tho same paront popula- 
i tion or univorao " hub tho standard 
I error of the dificronco botwoen iho 
I sample means ia given as 



I whoro (Tij* and <r,j* aro the variniiccB of 
! iho eamplos nnd not tlio unbiased 
1 ostimatoB of tho population vnTiaiico, 

! If tho null hypothesis is that both 
i Bftraplca arc drawn from the same pop¬ 
ulation, a pooled Gstimnto of the pemu- 
■ latioa vnrmnco should bo iisod. This 
I formula would bo correct if tho nuil 
1 hypothealfl wore that the samples nro 
1 drawn from two diircronb populations 
I with the same moan. Throughout the 
i discussion, tho author fnilea to draw 
: a distinction botwcon tho two dilToront 
null liypotbcBcs. 

The presontation of “Annlyaia of 
Functional Hoi a tion ship” \a very awk¬ 
ward. Tho regression does not deal 
with tho analysis of tho fiinotional ro- 
IfttlodBhip botwcon two vanabloB to 
and t/, as the author ouggoBtoch It deals 
with tho functional roialionship ho- 
twcon (a and tho moans of the arrays 
of V. 


The author Hpent 45 pages in discua- 
sing Iho linear rogresainii, Imt ho did 
not oven i^ive iho deriinl'um of the line 
of regression. Intcntionnlly or uiiin- 
icntioimUy tho author gave tUcimprea- 
fiion that the line rilled by the method 
of least squares is the line of regression. 
IIo did Jiot sny Umt Llio method of 
least squarcH is only a method of esU- 
miiUiig tile lino of regression of the 
population. In fact, he cannot possibly 
make such a sbateinent huenuso Lho 
specific nopviliitHm is given nt tlu} end 
rather tnnn at the beginning of Um 
chn|)ler on linear rogression. 

The popultttum was specified as fol¬ 
lows (|). 030); “Tlic most important 
nssumptioiiB aro four in mimber: (1) 
Tlio nsaumpLion of linonrity. (2) The 
assumption of uormidity, (3) The as¬ 
sumption of iiidopendcnl events. (4) 
Tlio assumption tliat Y is a function 
of X." The important nK^iimpLion of 
liomoaccdasUcit^ is not inclucfccl. 

The aHBumption of liuourlty is er¬ 
roneously explained ns “ . . . straight 
lines will describe tho (unclional rcla- 
lion between the variuhlcfl.” Tlio as¬ 
sumption of liiiGarily is known to tho 
writer as tlio locus of tlu> meuiis of the 
arrays of y being a straight line. 

For lho Assumpl'iofi of normality, 
the author guve a bivariate normal 
difitribulion (p. (143). This is a fiulUciont 
assumptionj but tho assumption that 
* ia also nornmUy dihUibuted ia not 
noecssnry. 

Since the assumption of homoacc- 
dAHticity is not included in the discus¬ 
sion, the meaning of tlio sLnndard error 
of cslimato has never been nuulo clear, 
The rcslduo Hum of Hciunrcs divided by 
7/ —2 is the unbiasou cHlimaLc ol tho 
varinneo of tho arrays of y, The author 
tried to prcHcnt lidB fact (p. 034) by 

S niotiiig a formula from Mordccai 
iiZokiol’B Methods of Correlation Anafu- 
sifl, 1030, wlicro the unbiased calimaLc 
IB HiVou as —2) but 

EzokJgI's Sv* is the rcslduo sum of 
squnroa divided by // — I (j). 114, 
T3zok'icl), while tho author’s iSy* ia the 
residue Hum of squares divi<Icd by A^. 
Therefore, the correction shonlu be 
N/(N-!^) rntlicr than (//- 1)/(A^ -2). 

This can hardly im cuUe<t a Rood 
book, not because it is worse than Home 
of the existing clomunlary Htatistics 
books, but bocauBo it ehows no im- 
provomont over them. 

Jbuom&i O. It. Li, Jnstruclor in 
Mathcmoiics. Oregon Stale Col¬ 
lege 
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APPLICATIONS AND PROBLEMS OF 
PRODUCTIVITY DATA 

' Charles E. Young 
Westinghouae Electric Corporation 

The gain in output per man-hour in manufacturing since 
1800 appears to have been related fairly closely to increased 
use of power per worker. This raises the question whether the 
common assumption of a persistent rate of gain in productivity 
can bo justified apart from corresponding increases in manu¬ 
facturing investment per employed worker. 

Manufacturing output has corresponded roughly to the 
product of an installed-horacpower index and the length of the 
work week. A sizable part of peak wartime output apparently 
came from overtime and extra-shift use of facilities) and ap¬ 
parently Busbained high output and productivity in the early 
postwar years will require similarly intensive use of facilities, 

Real hourly wages in manufacturing since 1914 have corre¬ 
sponded closely to changes in productivity, and finished 
goods prices have corresponded olosaly to changes in unit labor 
cost (wage rates adjusted for productivity). 

A t least two major developments have brought the question of 
productivity increasingly to the fore in recent years. One has been 
the popular statistical pastime of projecting gross national product 
from the starting assumption of full employment; the other has been 
in connection with disputes as to the justification of wage increases. 

Without due consideration of the level of productivity, it ia, of 
course, impossible to establish the quantity of output which is equiva¬ 
lent to stated assumptions os to the number of workers and their hours 
of work; it is also impossible to determine the quantity of output which 
employers, and hence customers, will receive for the funds expended in 
payrolls. 

It is not my purpose in this paper to establish any innovations in 
technique, but simply to refresh your memories with some of the 
applications and problems of productivity data from the standpoint of 
a practicing business statistician. 
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Several aspects of the typical discussionp of productivity arc worthy 
of attention. First of all, there has been a surprising lack of discrimina¬ 
tion in the use of terms. An eminent Washington consultant| in a 
recently-published article, used the terms “production per worker^’ and 
“production per man-hour” os if they were intnrchangeablo; yet it is 
instantly apparent that variations in production per worker are the 
joint result of changes in production per man-lioiir and of changes in 
houra worked. The variation in the length of the work week over the 
post fifteen or twenty yoa]‘ 0 , or even in tlic last 6 years or 0 months, 
bos been so pronounced that this particular overnight accnis inexcus¬ 
able and scarcely conducive to clear thought or dependable conclusions. 

Perhaps an even more outstanding chnvnctcristic of the discussions 
of productivity has been the widespread acceptance of a uniforni rate of 
gain in productivity somewhere in the neighborhood of 2 per cent per 
year, A recent tabulation in Dtm's Review sliowcd the estimates of 
eight writers ranging from 2.0 per cent to 2.0 per cent per year incroasc 
in output per worker, with six of the eight ranging between 2.1 and 2.4 
per cent, These estimates apparently are based primarily on the leather 
scattered and dubious data for the period from 1809 through 1919, 
for they ignore the fact that Dr. Fahricant's figures on output per 
man-hour in manufacturing from 1919 to 1930 Bho^Y no evidence whatr 
over of an exponential trend; they appear convincingly linear. Produc¬ 
tion per worker, as opposed to production per man-hour, sliould show 
even lees of an exponential tendency because of the redxiccd length of 
the typical work-week over the past twenty yonra. 

This common assumption of a persistent rate of gain in productivity 
□pens two questions: first, the acceptability of long-range extrapola¬ 
tions on an exponential basis of a trend wliich for the latest twenty 
years has appeared to bo arithmetic, and second, whether there is 
really any inherent and independent trend toward increased output 
per man-hour or per worker, or whether this increase may be a re¬ 
sultant of independent forces, lacking which tlio gains in productivity 
might cease. It seems to me more reasonable to consider increased 
efficiency na a result than as an inherent attribute of workera. 

In this connection we might note the implicit asaumption in much 
of the dieciisaion of productivity that pi'oduclion per man-hour is 
primarily a function of tho mental and emotional attitude of the 
worlcer toward his job, 

This belief that productivity is nn attribute of tho individual prob¬ 
ably stems from two sources. First, it is a commonplaco of factory ex¬ 
perience that employee “slowdowns” can Horioiialy hinder production, 
while high morale and general enthusiasm can appreciably increase it. 
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Theae facts, of coiirae, apply particularly to short intervals of time 
rather than to periods several years apart; they represent fluctuations 
about a general trend, not the trend itself. 

Second, in activities where skill and craftsmanship play an important 
partj we have all observed the vast differences between experts and 
beginners, A skilled painter can paint my whole house about as fast 
as I can do one room—and do a better job of it, too. A skilled carpenter 
can make my best efforts look clumsy and futile. A good assistant can 
cut my work in half, while a poor one only adds to my woes. But note 
that all of these pursuits are non-mechanical. A good painter with a 
spray-gun can far outperform a good painter with a brush; a good 
carpenter with power tools can outperform a good carpenter with 
hand tools, and a good tabulating machine operator can far outdo the 
most diligent longhand tabulator. The more skill and effort that can 
be transferred from the worker to his tools, the less imposing does in¬ 
dividual artistry and attitude become. In this age of mechanization the 
trend has been increasingly away from the skill and volition of the 
individual worker toward the speed, power and consistent performance 
of the machine. This trend has been especially pronounced in manu¬ 
facturing. 

In exploring the possible explanations of increased production per 
man-hour in manufacturing, we find numerous possibilities. On the aide 
of mechanization are the application of increased power per worker 
and improvements in machines—greater speed, precision and spe¬ 
cialization, with expanded use of jigs and fixtures to transfer the 
requisite skill and consistency of performance os far as possible from 
the worker to the machine. Under the heading of industrial techniques 
arc improved designs, simplification and standardization of products, 
refinements of materials, development of new processes (for example, 
extrusion, die-casting, powder metaJlurgy, electronic heat-treating, 
etc.), better plant layout and flow of work, improved material-handling 
equipment, job analysis, time and motion study, quality control and 
many others, Affecting the performance of the individual employee are 
improved lighting and ventilation, higher standards of health and 
safety, job training for the development of skills, sundry security and 
recreation programs to improve morale and incentive programs to 
induce maximum application and effort. 

Out of this list it is immediately apparent that the skill and applica¬ 
tion to duty of individual workers must play a relatively small part in 
tile total changes in manufactuzing output per man-hour over an 
extended period. In fact, while Dr, Fabricant's figures indicate that 
manufacturing output per man-hour more than doubled between 1919 
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and 1939, it ia difficult to believe that the average skill and application 
of several million manufacturing workers could bavo undergone any 
such proportionate change in those two decadea. 

It docs appear, on the other hand, that the much greater uao of 
power per wage earner in manufacturing accounta for a very largo 


RELATION OF PRODUCTWtTY TO HORSE POWER \U MANUFACTURNO 



PlQUnB 1 

proportion of the inoreaaed output per man-hour. Taking 18Q9 ns 100 
in each case, Fabricant'a figure for output per man-hour in manu¬ 
facturing waa 300 in 1930, wliilo Cenaufl data on installed horsepower 
and wage earners iu manufacturing showed Uorsepower per wage 
earner at 202, Using only tho terminal yoara of this fortywyoar perioil, 
msfcallcd horsepower per wage earner in manufacturing increased 
96 per cent os much as did outpvifc per man-hour. 

The figures for these and other years are shown in Figure 1. Tho 
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dashed line indicates a point-for-point relationship; the sharper slope 
of the data since 1919 indicates that other factors than horsepower per 
wage earner have also operated to raise productivity, but the general 
similarity is still striking. For eight different combinations of terminal 
years, the median ratio of the increase in horsepower per wage earner to 
the increase in output per man-hour ia 80 per cent. 

One weakness in this approach ia illustrated by the fact that the 
data between 1932 and 1943 indicate a nearly-perfect negative coi- 
relation. The answer ia that in 1932 the installed horsepower figure 
greatly overstated the horsepower actually in use, while in 1943 a 
large part of the installed horsepower was being used by successive 
shifts of workers. A full verification of the thesis would require data 
(which are not available) on horsepower actually in use per regular- 
shift wage earner. However, the consistency of the relationship in 
years which were marked by neither sharp depression nor general 
multiple-shift operation is indicative of at least a large degree of co¬ 
variation. 

A further assumption underlying this relationship is, of course, the 
intelligent application of power. A five-horsepower motor in the middle 
of the president's office would have little value, nor would the applica¬ 
tion of a 100-horse power motor to a two-horsepower job. In general, 
however, it appears that horsepower in manufacturing has been in¬ 
telligently applied, and that this intelligent application of power has 
contributed very substantially to the increased output per man-hour 
in manufacturing. 

As a partial verification of this thesis, installed horsepower in manu¬ 
facturing times the hours it is used should provide a close approxima¬ 
tion to manufacturing output. Here again it is necessary to resort to 
makeshift figures, using total installed horsepower instead of horse¬ 
power actually in use, and using weekly hours per wage earner as a 
substitute for weekly hours per horsepower. (For non-Census years, 
the installed horsepower figures were interpolated via correlation with 
Department of Commerce data on expenditures for new manufactur¬ 
ing equipment.) The results are shown in Figure 2, 

All the data in Figure 2 are index numbers based on 1899 as 100. 
The solid line is the product of an index of installed horsepower in 
manufacturing and an index of actual weekly hours per wage earner in 
manufacturing. The broken line is an index of manufacturing output, 
as reported by Fabricant, from 1890 to 1939, and by the Federal Re¬ 
serve Board since 1939. Three areas of divergence merit special atten¬ 
tion. First, between 1909 and the early 1920 'b there is a persistent gap 
of about 20 points between the two lines. Second, in all the periods of 
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sharp depression— 1921, the early 1930\s and 1938—tho index of 
manufacturing output drops away from ilio product of installed liorsc- 
power and the work week, indicating that nn ai)i\ovma\ portion of tho 
horsepower became idle in those deprcflsion periods. Tliird, in all tlio 
peak periods—1929, 1937 and the 1040 'h— the index of uianufacturing 
output rises abovo the product of iiislallcd horsepower and the woik 
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week, indicating that an, abnormal portion of the hoi-flei)o\vor wag iiHccl 
on second and third shifts. Taking the figures at face value for the 
moment, they imply that during the peak years of war proclucUon one- 
third or more of manufacturing output wtvs producctl on extra sliifts. 

This conclusion results directly from the tho.si.s IJiat rcgular-.'^hift 
capacity can be incasuved by installed honsepowev and the linur.H per 
week it is used. The wartime spread between manufacturing output 
and the product of horsepower liiuc’8 hours worlcijd jjer week providt's 
a rough measure of production on shifts not ordinarily worked. The 
spread amounts to 371 points of tho peak output indox of 887 (on nn 
1899 base) reported by the Federal Reserve Board. This implies that 
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41.8 per cent of the peak output waa represented either by extra- 
shift work or by wartime distortions of the index. If we accept the view 
expressed in a later paragraph that the wartime peak in the Federal 
Reserve Board's index of manufacturing output may have been over¬ 
stated by as much as 16 per cent (a possibility that ia difficult either 
to prove or disprove), then the portion of peak output attributable to 
above-normal use of equipment becomes 33 per cent instead of 42 per 
cent, Some portion of even this 33 per cent is undoubtedly attributable 
to abnormally intensive use of equipment on regular shifts, as well as 
to extra shifts. 

Since such a large portion of wartime manufacturing output ap¬ 
parently resulted from extra shifts, it follows that the plant capacity of 
the country is not nearly adequate to support a level of activity ap¬ 
proaching the wartime rates on the single eight-hour shift character¬ 
istic of peacetime production, Considerable extra-shift work will be 
involved if the full-employment levels of activity so generally discussed 
are attained within the next year or two, as I believe they will be. 

Reverting to the relationship between horsepower per wage earner 
and manufacturing output per man-hour, it again appears that exist¬ 
ing horsepower are not adequate to support even prewar levels of 
productivity under postwar full-employment conditions without resort 
to the double and triple use of horsepower involved in extra shifts, 

There is little question but that a still closer relationship could be 
established if wo were able to establish for each period the number of 
horsepower actually in use and the hours of their use—that ia, get a 
measure of liorsepower-hoiirs. While in this form the project sounds 
imposing, it might be approached through careful interpretation of 
data on kilowatt-hours consumed in manufacturing, which are easily 
convertible into horsepower-hours. 

The major problems involved would be isolating the records for 
power consumed in manufacturing plants and screening out the 
amount of power consumed in lighting and other loads not varying 
directly -with productive activity. That power consumption is a prac¬ 
tical measure of productive activity is illustrated by the fact that 
numevouB plant managers keep a close check each morning on the 
power load as a gauge of the total activity in the plant. 

It may be of interest to note, in passing, that the Federal Reserve 
Board's index of manufacturing output in the peak war years of 1943 
and 1944 was about 16 per cent higher than a corresponding index of 
kilowatt-hours consumed in manufacturing based on Federal Power 
Commission data; the discrepancy developed after 1941, and was 



AMEUICAN BTAl'IBTiCAtj AHBOCIATION 


428 

considerably greater for tho revised figiirca for 1942 than for tlie 
figures first.reported. 

With both indexes nt 100 for 1939, manufacturing output (exclud¬ 
ing mining) stood at 150 in 1041 and 170 in 1942, wliilc power 
consumed in inanufacliiring “wns 147 in 1941 and 173 in 1942. The 
subsequent wartime revision of the li’cdornl Rcftcrvo Index, however, 
lifted these figures to 1B4 in 1941 and 194 in 1942, or considerably 
above the power consumption index. By 1043 the Federal Rc.sorvc 
Index showed manufacturing output at 237 per coat of the 1039 
base, or roughly 15 per cent above the power consumption index 
of 207. 

In the search for an index of industrial activity that can l)c checked 
and verified from various angles, tho available information on electric 
p ower consumed in manufacturing should be brought more promi neatly 
into the picture. 

The question of productivity ia closely related to some of the most 
burning economic issues of tho day. A concerted drive is on to increase 
the purchasing power of organized labor, and the accent on real pur¬ 
chasing power, in terms of goods and services, is evident in Lho in- 
sistenco that wage increases shall not be reflected in prico advances. 
Yet from tho post record tho evidence ia clear that advaucca in real 
hourly wages have been closely tied, for at least three decades, to ad¬ 
vances in output per man-hour. Tim data are shown in Figure 3. Hero 
again the dashed lino indicates a point-for-point relationship. The data 
are index numbers on a 1039 base; the real income data arc Bureau of 
Labor Statistics figures on average hourly earnings in all manufacturing 
divided by tho BLS cost-of-living index, while the output per man-hour 
figures are the same as were used before, from Dr. Fabricaiit, extended 
by Federal Reserve Board and BLS data after 1039. 

In general, it ia apparent that there must bo some fairly close rela¬ 
tionship between the quantity of goods and services wliicJi an average 
hour’s work can buy and the quantity which an average hour’s work 
produces. 

Since the relationship among wages, pricca and productivity is so 
close ill this combination, it should not be BUrpriaing to find it close in 
another. Figure 4 tolls the story of the rclalionsliip between unit labor 
cost and finished gootls prices. The solid line tihow.s llic annual average 
of unit labor cost for all manufacturing, while the broken lino ehows 
the annual averages of the Bureau of Labor Statistics index of finished 
goods prices. The unit labor cost figures wore derived by dividing 
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average hourly earnings in all manufacturing by the index of output 
per man-hour in all manufacturing. Both lines are on a 1939 base. 

These two illustrations point to the futility of attempting to force, 
solely through increases in money incomes, increases in real income 
that are not firmly rooted in high productivity. Such efforts consti- 


REAL HOURLY WAGES V9. OUTPUT PER MAN HOUR IN MANUFACTURING 



tuto a form of warfare between economic groups, since they can only 
succeed by depriving one group to enrich another. Further, taken in 
conjunction with the relationship between power per worker and in¬ 
creased productivity, they tend to reduce further gains in productivity 
by discouraging further investment in power equipment. It is invest¬ 
ment in plant and equipment that underlies both rising real incomes 
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and the rising productivity whose fllottdy annual incrca«e has been bo 
glibly assumed. 

In view of the basic importance of productivity in uppialsing cur¬ 
rent and prospective economic trends, it is esflonliftl tliat more adequate 
information—and more general undemtanding of its signifiennee—be 
developed. On the information side, the pro!)lem is primarily one of 
establishing Batisfftctoi'y iinils of moiwurcment for produclion and 
comparing the production measuromeuts with the man-hour figures 
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related directly to them. It is obvious that for this purpose mnn-houi's 
are not satisfactory units to mcasuTo production) lUfin-'hours divided 
by themselves cannot trace clmngcs in productivity, To establish 
production unite in hotcrogoneouB iuduHtricH such as eluclrical equip¬ 
ment or chemicals it may bo neccHsary to go into considoablo (letail 
or resort to sampling from among hundreds or thousands of individual 
products. The lueoauremcnt of productivity, however, can be no better 
than the measurement of production on which it is based. Let mo stress 
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again the desirability of greater attention to power use as a check on 
the reasonableness of production data. 

As for widespread understanding of productivity—its origins, its sig¬ 
nificance and its limitations—any such achievement must perforce be 
gradual. Certainly there is much for professional economists and statis¬ 
ticians to learn before their findings can be broadly distributed 
throughout management, government and the general public. Many of 
the findings will run directly counter to ideas now popularly accepted, 
but it is a job that must he done if our democraci' and our economic- 
machine are to run on the fuel of facts—which, I take it, is why most of 
us are here today. 



INSPECTION EFFICIENCY AND SAMl’LING 
INSPECTION PEAKS 

Mahvin Lavin 
Cor fling G/nfls IKorAs 

Tlio piihliiihcd aninpling inflpoclioii plnrifl cnntniii Uio ns- 
BLimpUoii that tlic inwiicclioii opcratMm in coiuplctuly ulllclciit, 
that i», the ilemB oxainincd ni’o invuriulily cluKJtifird romctly. 

, Somo contrihiiting fuclors to lark of iuBpcaliori cfllcicncy nro 

noted, and an oimlytiiis of tho validity of Iho Kiianuiloca of Iho 
plane in the prcBonco of iimpcction error in made. 

T he wouk of Dodge and Romig, Wald, Wolfo^vitx, Bartky, Freeman, 
and other mathematical sfcatiaticians in the conatruction and analy¬ 
sis of sampling inspection plana has provided incluatrial quality control 
personnel with useful mctliods for attacking quality and inspection 
problema, 

Tho various available sainpliug inspection plans provide fcattircs 
such as maintenance of chosen risUa for wrong clcicisinna on lot (quality, 
minimization of inspection or of sampling, and main ten auce of a 
selected AOQLj if the hypotheses upon wdiich the inspection proecdurea 
arc baaed arc not severely violated in practice, 'J'o obtain the clesired 
features of an inspection plan, the user must meet sueh repreaentativo 
GonditionB as randomness of sampling and tlia replacing of defective 
units, when found, by non-defectivcs; he, in some insbinccs, must have 
a priori information as to the process average cpuvlity and its state of 
statistical control; he must provide some basis, economic or otherwise, 
for tho choosing of tolerable risks of wrong decisions as to lot quality. 

The published form of all sampling inspection plans with wdnch the 
author is familiar requires tho assumption that the inspection operation 
iscompletely efficient, that is, the i toms cxainincd arc in variably classified 
correctly. This requirement, it appears, is a very critical one, particu¬ 
larly ill induBtries in which 'MsuaV' inspection ia of prime importance. 
In tho present state of many inspection methods, this condition is far 
from being met, and it ia often apparcut that the efUciency of tho in¬ 
spector in classifying individual items correctly is sunidently low to 
nullify the theoretical fcaturcB of the ^Yell-Ivn(>\vn Sfunpling iimpcetion 
procedures, when applied under tlie aasiiinplion of couii)leLe oTunency. 
Sustained efforts should certainly be nuulo to remove the sources of in¬ 
spection error; however, roaliatjc analysis of tlio cffccUvoneBS of 
sampling inspection requires in many eases the conHideralion of tho 
preflenee oC repeated inspection mistakes. 
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People of long inspection experience have suggested that the follow¬ 
ing factors contribute to a lowered inspection efficiency (considering 
the simple case of rating an item as ''good'* or "bad/* with special em¬ 
phasis on visual inspection as distinct from a gaging inspection opera¬ 
tion) : 

(i) The average process (or lot) proportion defective influences in¬ 
spector efficiency. When the fraction defective is high, the risk 
of classifying a "good*' item as "bad" seems also comparatively 
high, and the risk of classifying a "bad*' item as "good” is 
relatively low. For a low process fraction defective, the situation 
as to the two types of errors is generally reversed. 

(ii) The rate at which the inspector is required to work clearly af¬ 
fects the validity of the results of the inspection operation. 
Though an optimum rate usually exists, it is not always known. 
In addition, where there is a continuous flow of product, as on 
a conveyor belt, the velocity of flow changes with different items 
of manufacture and is often independent of the number of in¬ 
spectors available to perform the operation. 

(iii) The nature of the product, as well as the defects for which the 
inspection is being made, is often significant. Even though the 
maximum acceptable degree for a visual defect is clearly defined 
by engineering specifications and is illustrated by an adequate 
set of samples (needless to say, this is not always the case), many 
borderline cases arise requiring subjective decisions by the in¬ 
spector. Moreover, some defects, by their physical nature, are 
difficult to discover. 

(iv) A large number of personal factors also contribute to diminished 
inspection reliability, for example, extent of inspector experience 
and training, working environment, imperfect inspector vision, 
inspection fatigue, the inspector's conception of the importance 
of the defects he is considering, indifference and carelessness, 
etc. 

To illustrate the effect of these factors, we may cite instances in which 
lots of ware which had been rejected by sampling inspection and sub¬ 
jected to a complete inspection, sometimes failed to pass a second 
sampling inspection, and occasionally after a second complete reinspec¬ 
tion, failed to pass a third sampling inspection! This discouraging situa¬ 
tion could be laid largely to low inspection efficiency, though the 
handling contributed some defects while the inspection operations were 
being performed. 

To examine more specifically how inspection error may diampt the 
anticipated features of a sampling inspection scheme, one is led to con- 
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eider the "effective" fraction defective, eay p', which is related to the 
“true" fraction defective f hy the equation 

p'= pil- Pi) + {I - v)pi, (1) 

where pi ia tlic probability of clfisaifying n non-defcctivo as defective, 
and the probability of oUissifying ft defective as nou-tlefccLivc is pi. In 
view of (1) in tlie cnumerntioii of the faeloraconlribuUng to inapeclion 
error, wo note that pi and pj may be functionB of p. In lids disenssum 
our iutcrcat will be centered on the case in which p\ and pj arc coiiKtant, 
that ia, p' is a linear function of p, 

p' =“ Pi + (1 - pi “ Pt)p, (2) 

and also the case in wlucli pi and pj arc related linear functiona of p, 
say, 

P. -«+ kp, 
p ^ c — bp, 

where again wc obtain p' ns a linear function of p, 

p' = a + Cl~~a + b~ c)p. (2') 

One would ordinarily have little confidence in fitting a more compli¬ 
cated relationship to an inspection opornlion. 

Our fundamental concern will be with tlie transformation of tiic 
operating characteristic curve resulting from the inlroducLion of the 
presence of inspection error. To take tlie siinpIcBt example, for a single 
sampling plan in which the sample size is n and tiro nllowalilo number of 
defectives is c, wo have the probability L(p) of accepting a lot of pro¬ 
portion detective p as 

Hp) =2 ( ” V’"«(p = 1 - ff) (4) 

m-o \m/ 

for efficient inspection and the usual Gonditlons for the use of the ap¬ 
proximation (4). Introducing pi and pi, wo obtain 

')(Pi+[l-pi-pt]7))'"(pj-|-ll—pi-pj (5) 

\ni/ 

which defines the cITectivo operating chnracteriaLic curve, flinco 

L'(p) =1 L(p, + [i _ p, _ p,]p), (G) 

one operating charaoteriBtio curve may be derived from the otlior in a 
simple grapMc, or arithmetio, matiriDr in vioAV of asBuinptionB (2) and (2'). 
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As an example of the magnitude of the effect of errors in inspection 
on the operating characteristics of a sampling plan, we consider one 
based on a single sample procedure, designed to discharge the following 
requirements: 

a = .1, for Vu = -02, 

^ = .1, for = .05,, 

where a. is aa usual defined to be the maximum, risk of rejecting lots of 
quality or better, and 0 is the maximum risk of accepting lots of 
quality p/j or worse. Talcing the lot size to be 10,000 (say), one finds for 
a sample of 235, with seven as the number of allowable defectives, these 
requirements are closely discharged. Table I compares the operating 
characteristics of this sampling plan with those of the same plan when 
constant inspection errors of the magnitude 

Pi = .02 p2 = .05 (8) 

are assumed. 


TABLE I 

OPERATING CHARACTEIUSTICS OF SINGLE SAMPLE PLAN, n-235, o 
WITH NO INSPECTION EMIOR, AND WITH PROBABILITY 
OF Ennoil, Pi = ,02. PI -.06 


V 

Lp 

V* 


Truti 

Appro ximn bo 

EfToolivo 

Appro ximaLo 

Proportion 

Probability ol 

Fro portion 

EITe Clive 

DcfouLlvo 

AucepLinis 

DofoolWo 

ProbnbiliLy ol 


Lot, 


Aocopling Lot 

,000 

1,000 

.020 

,00 

.005 

.000+ 

.026 

.70 

.010 

.007+ 

.020 

.03 

.015 

.07 

.034 

.45 

.020 

.00 

.030 

.30 

.025 

.70 

.043 

.21 

.030 

.00 

.046 

.13 

.035 

.42 

.063 

.07 

.040 

.27 

.067 

.04 

.046 

.17 

.062 

.02 

.060 

.10 

.060 

.016 

.OQO 

.03 

.076 

.003 

,070 

.008 

.086 

.001 

.080 

.001+ 

.004 

.000+ 


One direct and simple method of restoring the desired risks at the 
"acceptable” and "non-acccptable” quality levels immediately suggests 
itself. If we choose a sampling plan which maintains the chosen risks a 
and p foT the effective fraction defective corresponding to the true ac¬ 
ceptable and non-acceptable quality levels, we obtain the desired 
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opDrating chavactcristlcB for at least the two aalicnt quality levcla. 
Since 

Pi, ~~ Ph ^ Ph ■“ Pu* (0) 

» more cliscriminatory sampling scheme will be required; llms one of 
the penalties of the presence of inspection error is the nccrl for incrensctl 
sampling. 

To continue tho previous example, the quality recpiirenicnts (7) arc 
transformed to 

a = .1 for pii' => .039, 

= .1, for pi/ = .006. 

Table II presents the operating characteristics of the single samplo 
scheme for which t)\c sample size is 460 ami the allowable number of 
detectives is 23. This provides approximately the proper risks (7')j with 
the constant inspection incllicicncy pi = .02, pa = .05. Tlicse operating 
oharactcvisticB shovild be compared with those in the second column of 
Table I. 


TAULr: u 

OPEHATINQ ClIARAGTEaiSTICS OK TIIK SINUI.K HAMI’t.K, PI.AU, 
n-400, «-29, WITH pi~.03, p,a.D6 


p 

Trilo 

Proi>orUon 

Dcfoctlvo 

p* 

nfTcclWd 

Pruiwrlbii 

Dfifoctivo 

y.ap^iivG 

PriilmMljly of 

AcccpUiiK 

.000 

.020 

.OUD'H 

.{>06 

.026 

.DDO 

.010 

.090 


.016 

.004 

.07 

.020 

.030 

.00 

.026 

,W3 

.60 

.030 

.016 

.01 

,036 

.053 

.44 

.040 

.067 

.32 

.□‘IS 

.002 

.18 

.060 

.000 

.11 

.OGQ 

.070 

.02 

.070 

^086 

,003 

.oso 

.00-1 

M)\- 


Wo have briefly noted the possibility of dcsigiung a sampling scheme 
whoso operating cIiaracfcoristicB in tho environment of an estimalefl in¬ 
spection inefficiency satisfactorily rcprorluees those which would bo 
anticipated under a plan allowing tor no mistalcca. Wo may nosv inquire 
as to tho channel in which oorrcctivo energies could bo most profitably 
directed, if tho existing inspection incflicicncy is not to bo supinely 







SAMPLING INSPECTION 


437 


tolerated, It is easily recognized that the two types of inspection errors 
cause opposing changes in the operating characteristics of a sampling 
plan; for some value of p, say p*, they will exactly compensate, and this 
value is obtained from the relation 

P = Pi + (1 — Pi ” P2)p, (10) 

that is, 

Pi 

P*:-(U) 

Pi + P2 

For a chosen sampling plan, when p <p*, we will have <Lp, that is, 
the probability of accepting the lot will be reduced as a result of inspec¬ 
tion inefficiency; the converse will be true for p>p*. Moreover, ns p 
becomes farther removed from p*, the magnitude of the difference 
Lp—Lp will increase monotonically- For small values of p, by writing 
equation^(lO) in the form 

Pi(l - p) = PP2, (12) 

we deduce the approximate relation 

(13) 

Vi 

and this suggests how seriously a large ratio of the two probabilities of 
error will affect the operating characteristics. 

More generally, an examination of the equation 

P' = pi + (1 ’ Pi - P2)P (14) 

reveals for the most typical industrial situations in which p, pi, pa are 
sensibly small 

p' ^ 7> + pi, (15) 

The principal influence is thus exerted by that class of inspection failure 
in which good product is rated as bad. But it is exactly this class of 
error Avhich is most readily controlled. With a procedure which provides 
for the inspector's rejects being confirmed by a supervisor or a special 
reject inspector, we may sharply diminish the likelihood of such mis¬ 
takes, providing the policy of additional inspection can be justified on 
the basis of product economics or customer relations. It may be asserted 
that this scrutiny will result in a proneness of the inspector to fall into 
mistakes of the other type, passing bad product as good, to avoid 
criticism. Howover, with pi=0, we have 

p' = P - PP2, 


(16) 
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indicating, by comparison with (15), llint the reduction in ’p\ carries 
more weight in restoring the expected operating cliarttctcrislics than 
the resulting increase in pa further disrupts thom. 

No general discuasioii will bo atloiniitcd ns to the change in average 
outgoing quality limit which will result from iiispccHon error. The 
analysis is made cumhereome under the nssiiniption that the proimbil- 
ity of error pj applies to the replacing of cliscanled items in siuniiles nnd 
lots, Moreover, the AOQL may bo attained for a value of p which is 
unrealistically large. We may note, however, one simple result wjileh 
arises under tlio hypothesis that pi=“0, perimps as a result of special 
reject checks, and Hint all replaced items arc indeed good product. 
Under these conditions, the averoge outgoing quality lias tho repre¬ 
sentation 

AOQ' = N-^[nm +(N~ n)pL,' -\- {N - n)ppi{i - L,')], (17) 

wlicrc N is the lot size and the otlior symbols retain their earlier defini¬ 
tions. This reduces to 


AOQ' = N-^iN ~ -h —^ p\ (18) 

1 - pi 

whose maximum is to be compared with that of tlio averago outgoing 
quality 

AOQ = N-^(N - n)pr., (10) 

when no inspection mistakes arc made. Direct examination of (18) indi¬ 
cates in the industrial range of p' nnd pi that the extreme value, of (18) 
is in a few instances increased to tho extent of 1% over (19), hut in 
most cases the increase is substantially less than 1%. For example, with 
our earlier sampling plon, n <= 235, c=7, for which tho A OQL is approxi¬ 
mately 1.9% under non-erring inspection, w'o obtain an incronsc on tho 
order of J%, when pj is assumed as large as .1 (providing tlio lot propor¬ 
tion defective remains in a limited range, say less than .20), 

Wewed broadly, then, the results of our discussion on tho effects of 
inapeotion failures upon sampling inspection plans suggest that it is 
largely auLcient to eliminate tho rating of non-defective pvotlvvct as 
defective in order to have asBuranco that tlio guarantees of tho plan are 
substantially obtained. 



ELASTICITY OF PHYSICAL QUANTITIES AND 
FLEXIBILITY OF UNIT PRICES IN THE 
DIMENSION OF TIME* 


Frbdebick C. Mills 
National Bureau of Economic Research 

When the intoracUon of the physical quantltlce and the 
unit prices of a given commodity is marked by regularities 
over time, whether in the recurrence of cyclical or seasonal 
patterns or in the persistence of secular relations, it is conven¬ 
ient to define the differential movement of quantity with 
respect to price by a coefficient of elasticity, of price with re¬ 
spect to quantity by a coofficiont of flexibility. These are 
mathematically identical with the familiar coefficient a of 
Marshall and Moore, but in this usage they relate to desig¬ 
nated temporal frameworks. The examples presented in. the 
present paper deal with price-quantity inlerrelationa in busi¬ 
ness cycles, in specifiG cycles in phyeioal quantities, in spocific 
cycles in unit prices, and in homogeneous seoular periods. No 
attempt is made to eliminate or hold constant the dynamic 
inducncea that play upon the market. In each case we seek bo 
measure the differential reaponsivenesa of the quantity and 
price factors to the various impinging forces that operate 
within the temporal framework in question. If there are per¬ 
sistent regularities in the operation of these forces, appropri¬ 
ately designated ooofiiciontB of elasticity and flexibility can 
servo as useful instrumentB in the analysis of economic change. 

I 

r Hme and the concept of elasiiciiy. The concept of elasticity, first 
formulated by Cournot in defining the law of demand, was given 
its familiar form by Alfred Marshall, In conventional usage the term 
is applied generally to the x'esponsiveness of the demand for a given 
commodity to changes in the price of that commodity. More precisely, 
elasticity of demand is defined as the ratio of the relative change in 
quantity demanded (of a given commodity) to the corresponding rela¬ 
tive change in price, when the relative changes are infinitesimah The 
demand function and a derived coefficient of elasticity are assumed to 
relate to a moment of time, or to a period within which there are no 
changes in tastes, technology, income distribution, or other factors 
that might modify the functional relationship between quantity de¬ 
manded and unit price, 

+ I nm indebted U» M[iudoIl,PQob for aid In tbo preparation of this paper, and to H. Irvins Forman 
for IhaconelruellonoItbQobQrtfl. 
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The coiicoptunl iinporlnnce of lliis inilrumcnt is very great. Only 
mocle.s<. pvogiTSH lina ItccR inmlc, however, in the empirical determina¬ 
tion of demand functiona ami demand (;liialieilic‘«, (ll*scrvaliona on 
commodity prices and (pmntities puvelm.sed arc ordered in lime, and 
thus inevitably reflcol llic play of dynaniie factors tlmt lend to modify 
the shape, and location of demand fuacliotiH. Great ingemiiLy has beciv 
shown in the attempt to menHuro the, infhu'iico <tf (h<.‘Ke. dynamic 
factors and to eliminate their ulTocl.a on tlm recorded olwevvaliona. Use¬ 
ful approximations lo the demand (!iirve.s of IlKiory imve, indeed, been 
achieved for a limited uumlier of commodith'S, hut imceilainty at¬ 
taches even to those, and BenovuUzation of the reaidls is hasardows. 
These efforts will continne niirl further progres.a will bo made. It is 
proljably inevitable, however, that residual irnces of dynamic factors 
W'ill remain in the best of these cffortH and that major temporal 
modifications of attendant conditions will complicate eiupivical find¬ 
ings on demand functions for nu>st coinmotlilica. 

The prG.<?cnt paper deals with invcwligalioiiH lo(tking in auollicr direc¬ 
tion. In the study of economic processea, whether our C()nc<;ru lie with 
cyclical movements or with long-term changes, the inleiTelalerl move¬ 
ments of unit pricc.s and physical (luantilies are of central importance. 
These arc movements in Lho dimension of lime. They are alTfcetod by the 
diversity of forces* acting upon both variables, as \v<>U as Iiy the direct 
cauac-and-cffcct relations lietwccn tlicso vaviablrs. We t;an do some¬ 
thing, in the choice of the frame of reference, to organise and stsindard- 
ize these forces, but they cannot bo held constant wliila the specific 
and presumably static relations between price anil <iminlity are studied. 
The diverse impinging forces, ns liicy opovale over lime, aro part of the 
record available to us. The rchilions between price and quantity that 
we may study arc not limelcs.<i, then, nor arc they isolated inLi i'aclion.s. 
To the extent, however, that there nrc consistent patterns in these 
interactions, patterns that repent them8elvc.s with some ilegrco of 
regularity, they arc of clear concern to the ceonomi.st. 

In this investigation wc shall make use of a moasuro of elasticity 
mathematically identical with MavshaH’s cocfricient of elnstitiity of de¬ 
mand. Wc shall mensure tlio elasticity of ipmntily, with roferunce to 
unit pvicoj in various temporal framow'orkw. The plimso “will i reference 
to unit price" will not moan that changes in quanlily aisi a fime.lion of 
changes in price, in any causat .sense. In umuc caHOfl, pi'vluiii.s in most 
cases, the quantities and prices of given connuodilie.s will lie ri'.spundiiig 
concurrently to the pressure of outside forces. Wo may say that here 
tlio measure of cla,sticity of physical quantities dcfuica the <liffcrcnlial 
responsivaness of quantity to these forces. It is, os in traditional vrsago, 
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a ratio of a relative change in quantity to the corresponding relative 
change in price, but the quantity cJiange will not necessarily be at¬ 
tributable to the price change. In eome cases it will be in part attribut¬ 
able to the change in unit price and in part to the play of other forces, 
but it will not be possible to distinguish these two elements. Thus the 
related changes in quantity and price may not be thought of as reflect¬ 
ing movements along fixed demand curves (or fixed supply cuiwes). 

There would be little justification for this usage, and little hope of 
deriving significant reaulta, if the time periods over which related quan¬ 
tity and price changes are to be studied were selected haphazardly. 
Under such circumstances coefficients of elasticity would bo expected 
to change erratically, as different time units and different periods of 
time were employed. The justification must be found in the choice of 
time periods within which there is some regularity in the action of the 
impinging forces and in the related movements of commodity quantities 
and prices. We shall have more to say about the choice of temporal 
frameworks within which price-quantity and similar relations are to 
be studied. 

The quantities to be employed in studying the relations between 
commodity prices and quantities over time need not be restricted to 
quantities demanded or consumed. Various series defining changes in 
physical volumes—amounts produced, delivered, exported, ordered— 
may be used. For this reason, and for others, the results are not to be 
thought of as in any way approximating traditional demand functions 
or coefficients, Elasliciiy is a meaningful and desirable term, for present 
purposes, biit the elasticity measured is not that of demand. Indeed, 
it is most important that the term elasiicily of demand be restricted to 
the conventional meaning. To avoid confusion, appropriate qualifying 
adjectives will be employed in the present paper to indicate the type of 
elasticity involved and the temporal framework employed in given 
instancea. In addition, a symbol other than the customary rj will be 
used to designate measures of temporal elasticity. 

One further draft will be made upon conventional terminology, 
Henry L, Moore has used the tern flexibility of price for the ratio of a 
relative change in the price of a commodity to the correaponding rela¬ 
tive change in quantity.^ The coefficient of price flexibility is the recip¬ 
rocal of the coefficient of elasticity of demand.^ It is derived, of course, 
when price is treated as the dependent variable. We shall use flexibility 

1 “Elfisllclty of Bomaiia i\n(l FloxiblUly of Ptlcoa." Journal af the American StatUtical ^aaociaefon, 

M arch 1022, pp. 8-10, _ -i i - 

1 iB not RQGQBBnrily Ifuq wlion film tvfo coofEoionts offl oinpiriciilly dflt 0 rrn!iiGd, 

loBB tllQIl unity. 
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of price as the reciprocal of clo^ilicily of pliysical quantities, with quali.; 
fying ndjoctivea to intlicnto the leinpornl framework to wliich given i 
meaeuTcinenls relate. A symbol other (him v>i introdvicwl by Moore,; 
will be employed, to avoid confu-sioiv willi liis cootRciciit. 

II 

Tevij)oral periods for ike slwdy of pricc-quanlUy relations. Variom 
instruments arc available for meaauroineiit of the concurrent move- 
menlB of physical volume and unit pricca, oh those elemonls change 
together over time, in mutual itilcrnction or in rcspoii-Ho to outsiilc 
forces. Our present concern is with two. Tlic cucfliciont of elasticity h 
given by 

dx 

dy X 

whoro a; is a moasuro of physical quantity, y of corresponding unii 
prices. The cocfllcicnt of price flexihility is giveti hy 

f « 

ds y 

The I'clationBhipH are the conventional ones. ^riie. novel problem arise 
in tlie choice of temporal frnmoworks within which iflalcd cluinge.sii 
quantity and price are marked by rcgnlarilica that gi^'c them economi 
significance. The following framea of reference give promiKc of yieldin 
aignificant patternfi, 

Bvsincss cycles. A refcrcnco framework defined by turning point 
(lows or highs) in general bu8iiic8.s activity in tlio United State 
has been sot up by the National Bureau of Economic llcHcavcl 
in connection with its general study of businesn cycles.’ A con 
picte business cycle rums its couisc bo.t\vocn Huccossivc lows (c 
highs). When a given scries is corrected for seasonal varialioas th 
adjusted meoaviromcnts on that aeries for one of these periods ri 


■ TJjcao lurninR poltiLn, for tho period auico llio Civil W<t.r» dto bcL lotlU below. For cxpIaiiaLlon 
lliQ tlorlvfvliou ol tha Inwa ftiid hlKh&^Qco Ai'eaiuring iluBineii Cuc!««, by i^rlhur F. llurttfi ftittl Wenley ' 
MlbihelUNiilioxiiiinurcfiMof li^onamicKQbeareli. 1040, 
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fleet the play of forces associated with cycles in general business, 
of trend factors and random influences, and, if they be present, 
of specific cyclical factors independent of cycles in general busi¬ 
ness. If observations cover a number of biiainess cycles the effects 
of random factors may be in some degree eliminated by averaging. 
(Intra-cyclo trend ia not removed.) It is possible, then, to deter¬ 
mine whether there is a persistent pattern in the behavior of a 
given scries or in the rclalcd behavior of paired aeries within the 
reference framework provided by cyclca in general business,* 
Wi tliin this framework we may study the diJIerential responsiveness 
of tlie volume factor \vith reference to cyclical changes in unit 
prices (the cyclical elasticity of physical quantities) or the differ¬ 
ential responsiveness of unit prices with reference to cyclical 
changes in volume (the cyclical flexibility of prices). 

Specific cycles in quantities. Many physical volume series are marked 
by cycles specific to the particular seriea, cycles that may differ 
materially in Liming and duration from cycles in business at large. 
Hog cyclca and construction cycles are familiar exaniplfs of such 
disLinctive rhythms; similar specific cycles are discernible in the 
records for many commodities. These cycles provide obvious 
framowoiks Avithin Avhich the movements of prices Avith referenoe 
to concurrent quantity changes may be studied. 

Specific cycles in prices, Piico series have their own diafcinofcive cycles, 
for many commodities. The elasticity of quantities with reference 
to price changes may be studied in these frames of reference. In this 
case, as for general business cycles and specific cycles in quantities, 
there is no isolation of price and quantity movements. Other 
forces than those of price play upon quantities when specific price 
cycles provide frames of study. This is an unavoidable condition, 
Avith the data aAmilable to us. But price factors are given primary 
place, in so far as this is possible, in the selection of this framework, 
just as quantity factom are given primary place in the use of 
specific cycles in quantities as frameworks for the study of price 
flexibility. 

Long cycles. If the reality of long cycles can be established, these will 
provide frames similar to the reference cycles derived from the 
records of business cycles. The elasticity of quantities and the 
floxibiliLy of prices within these cycles could then be measured, 
and tlicir significance tested. 

Hoviogeneous secular periods. In defining each of the cyclical periods 

‘ MoaBuremontB o/ tho bobnvlor of a given soriefi during & buBlaoBa oyole are said to doflee artf/ar- 
erica cycle. 
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named above wo liave sought to act off a aection of time marked by 
some regularity in the forces at play, particularly the forces affect¬ 
ing the two variables with whose relative changes wo aro concerned, 
Regularity may be tested, for cyclical measures of ll)ia sort, with 
reference to the degree of variation found among observations for 
different cycles. Such tests arc not possible when we deal with 
periods of nonrecurring change, but such periods nro of central 
interest to the student of economic change, There aro stages of 
economic development marked by the play of fairly peraiatent 
secular forces, these stages giving way to others during which quite 
dilFcrcnt secular influences aro operative. The years 1914-19 
marked such a secular turning point in many aspects of economic 
life in the United States. We may not set down precise criteria of 
secular homogeneity, but certain atoges of development may bo 
defined with reasonable accuracy. Interactions of quantities and 
prices, and their differential responsiveness to secular forces, may 
be meosured for such periods by cocfRcicnts of secular or inter¬ 
cycle elasticity and flexibility. The significance of such measures 
is not open to exact statistical determinntion, but comparisons of 
measures for different periods and consideration of these measures 
in their full economic sotting for given periods will provide bases 
for judgments as to their coonomio import and value. 

Special periods subject to the play of defined forces. The diffeiential 
responsiveness of quantities and prices to particular forces may 
be studied for specified periods, known to bo distinctive in the 
forces at work. Thus the period of NRA regulation is a sliarply 
defined section of time during which special forces wero acting - 
upon tho sti'uoturo of proiluction and the system of prices. Here, 
although regularity of pattern in the sense of repetitiveness is not 
to be expected, tho condition that distinctive and identifiable 
forces are operating is realized. For such a period mensuroB of elas¬ 
ticity and flexibility of tho type hero disoussed may be highly 
serviceable. 

This list of possible reference frames for use in sLiulylng the interac¬ 
tions of quantities and prices and their responsiveness to oiilHide forces 
is not exhaustive. For certain commodities markedly subjiHjt to seasonal 
influences (such as eggs or butter), the year would bo a suitable j)()i'iod 
for study. Tho esacntial foaturo is that particular forces bo dislin- 
guishod, by the judicious selection of temporal fraincworlcB. Persistence 
of operation of these forces within a given period, in tlie enso of non¬ 
recurring actions, or persistence of pattern in different periods, in tho 
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case of cyclical or seasonal forces, is requisite, of course, if the measure¬ 
ments are to have meaning. If purely random factors predominate no 
such persistence is to be expected. 

Ill 

ISlaBiiciiy and flezihility in business cycles. For purposes of analysis 
the seasonally corrected price and quantity records for a given com¬ 
modity, during a given business cycle, are expressed in relative terms. 
The base of the relatives for a given economic series in a given business 
cycle is the average of the original monthly (or other) figures for that 
series in that cycle. Averages of these relatives are then struck for each 
of nine stages of that cycle. Stage I is the initial trough, stage V the 
peak, and stage IX the terminal trough. Stages 11, III, and IV mark off 
successive thirds of the phase of expansion, and stages VI, VII, and 
VIII mark oil successive thirds of the phase of contraction.® 

Stage averages for the price of steel billets and the production of 
steel ingots for ten business cycles in the United States between 1900 
and 1938 are given in Table 1, They are plotted by reference cycle 
stages in Figure 1. This chart shows the rapid advance in ingot produc¬ 
tion and the much more moderate rise in the prices of steel billets in 
the first stage of reference expansion, the continuing sharp increase in 
production and the accelerating but less rapid advance in prices during 
the remaining stages of expansion. The movements during contraction 
are generally symmetrical with those of expansion, with quantity 
produced declining much more rapidly than prices except in the ter^ 
minal stage of the phase of contraction. 

These same materials are plotted in a coordinate framework in 
Figure 2. Here the movements of quantities are shown on the horizontal 
axis, the movomenta prices on the vertical axis. This representation 
reveals more clearly the apparent responsiveiiesB of the quantity factor 
to price changes, and the apparent flexibility of prices as quantities 
change, within the framework of business cycles. It is clear that no 
assumption of direct causality is justified in the study of this relation¬ 
ship. We may define the relative change in steel production with ref¬ 
erence to the corresponding relative change in steel prices between, 
say, reference cycle stages II and III. What we are measuring in so 
doing is not a change in quantity resulting from a corresponding 
change in price, but a change in quantity attributable to the influence 
of a combination of forces of which the price factor is one. Conversely, 
we may measure the differential responsiveness of unit pricesi with 


> This procedure la dcaotlbod in dotaii in Measuring Business Cycles, op, ciC. 
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reference to correepoucling changcH in pliysical quantiliea os both vari¬ 
ables change in the ooiirae of business cycles. In each case iJie cJiango 
in the "independent variable" is to be thought of ns a standard of 
reference rather than n primary causal influence. 

With these qualifications in mind it is convenient to define the rela¬ 
tive responsiveness of physical quantities and of unit pricc.s by means 
of the coeflicienta of elasticity and flexibility previoUHly described. 
These are given in Table 2 for the several cyclical stages and phases, 
and for the full cycle.* It will be understood that those incasru'emonts 
are based upon the average movements of steel ingot production and 
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AVERAOnS DEFiniNQ THE REFEnEHCE CYCI.E PATTEIlNa OF BTEEI. 

INOOT PnODUCTtON AND THE PniCES OF BTEEL mUJJTfl IN 
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steel billot prices over the ten reference cycles covered by the present 
observationa. 

The coefficient of elasticity of steel ingots indicatoH that over tlio 
full reference cycle tlicre is, on the average, a change of 2.17 pei' coni 

* The aoDlUolonlq nro <|orlvcd from M)o jo Tnlilo 1, Stn^o eoefndontd nra frorri 

ibe roforonc^ oyola rolntlvcs for bucccmivo BinRcA, Tor InloretnRo period II-HI, lor oiam- 
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the midpoint of iholitio lolidng IUd qiiAntlly ^nd price obsorvaCloon foralnRoa II and 111. TIiub, (or ihU 
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p«nod, cocfllotoiiU (or iho QxpanBlon phnao nro derived frpin rofcronco 

oyolo rclaiivos for Blfigoa I and Yi ihoao for tho oonlrndllon phnso from Bimilar rclntivnn for aingcB V 
and IX, (A Biased or nhaflocoefnelerti derived from tlia cualomary formula and rctadne to tlio midpoint 
of a qbrolght lino joining two palra of o|>eervalions on pricoh niul quaniilliMt la, of courso, Idtidkai wilh a 
coefllaJonfo/ nreoliistlcHyO Fulleyolo moaeureeare avaragoH of llio cooflicftmtu for (ho pliancn of oxpan- 
bIoh and oonLraoLion,'Whop ihoBopliaqo coofflcloiiia arc of lliomimo Blgn« K^oinoliio incniui of arliUinoUo 
and harmonic a vorn^oa of iho Lv{o plnuia coaflloionto will «lvo mutually cmvefBlent aoiii of nlaalirily amt 
(loxIblllLy coolhoionta for Ulio phaaoa and tho full oyclo. Wlion ihu phaao inoafiuroa am of npihialla nlii'n 
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in production for every change of 1 per cent in price, these changes 
being in the same direction. The separate coefficients for the phase of 
expansion and the phase of contraction are but slightly different. In. 
both phases the relative changes in output are more than double the 
corresponding relative changes in unit price. 

The measures for the separate interstage periods are all positive, 

Fjo^ne I 

Average Movements of Steel Ingot Production and 
Prices of Steel Billets In Ten Business Cycles 
1900^1938 
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indicating that the concurrent changes of production and price are in 
the same direction in all cyclical periods. There are some notable dif¬ 
ferences in magnitude, however. In the first period of business recovery 
(between reference cycle stages I and II) the coefficient of elasticity 
has a value of -|-22,57. Quantities respond immecliately and strongly 
to the first pressures of general business recovery. The rise in unit price 
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ia alight at thia atago. Similarly, tho first impact of rGcession betwoen 
reference cycle stages V and VI brings a mucli sharper drop in steel 
production than in steel prices (the coefficient of elasticity is +6.45). 
It is to be noted that the coefficients of elasticity for the two periods of 
contraction following stage VI are much greater than the nonfficient 
of elasticity for tho oorreaponding periods of InisinesH expansion. When 
contraction is well under way, quantity is relatively more responsive 
and billet prices nro relatively le&s responsive than tliey are in corre- 


TAnr.E i 

COEFFICJENTB OF ELASTICITY OF 8TEEI, INOOT PUOnUCTION AND 
FEEXmiLlTY OF STEEL lULLET I'BICEB IN TEN 
nUBlNEBS CYCLF.8, 1000-38 


SlhBo Measures 
Intomlaae Period 



I- 

II- 

111- 

iv- 

Y- 

VI- 

VII- 

vm^ 


n 

111 

iv 

V 

VI 

vn 

VIII 

IX 

ElRBllclly 

+22,67 

+ 1.28 

+1.01 

+1,01 

+6.49 

+2,30 

+2.76 

+0.01 

FJoribillty 

+0.04 

+0.78 

+0.00 

+0.66 

+0.18 

+0.43 

+0.80 

+ 1.64 


rhaao Moasuros 

l‘]ipnmloti CoidrAcilou Full Cyclo McMure 


ISlnuliDlty +2»00 H2.27 +2-17 

Flovibillty +0.46 d O-44 H 


flponcling periods of buBinesa expansion. In all interstage periodw except 
the terminal stage of recession the cooflicicnls of elasticity exceed unity 
and the coefficients of price flexibility fall below unity. Only between 
reference cyclo stages VIII and IX la the elasticity of oulinit Ic.ss tlian 
unity. The influence of recovery is reflected thus early in tlic retarded 
decline of physical output. Prices, however, continue to drop at a rate 
exceeding that prevailing during tlio first stage of contraction. Except 
for this one period, therefore, steel ingot produeiion is chusiic, positively 
(positively because the movements of production and price are in the 
flame direction), and the prices of steel billets are inflexiljle, po-sitivoly. 

The patterns of related price-quantity behavior represented in Fig¬ 
ures 1 and 2 are quite consistent over tlio period covered by tho ])resont 
records. Those for nine of tho ten cycles nro of tlio typo represented 
by Figure 2, marked by price and quantity incrensoH during gimoral 
buainees expansions, price and quantity declines during general buHinoss 
contractions. Only for one of tho ten cycles—that of 102d-27—is tlio 
pattern different. In this cycle wo have prices declining during the 
phase of reference expansion instead of increasing, as in tho nine other 
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cycles covered, Meafiures of conformity and variance tests indicate 
that the pattern of average behavior represented in Figure 2 is clearly 
significant. 

A quite different pattern of cyclical behavior is represented by meas- 
urementa of the price of raw cotton and the quantity of cotton exports 
(Table 3 and Figure 3). These again relate to stages of cycles in business 
at large. The general relationship is clearly inverse. Unit prices con- 
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form to the cycle, rising during the phase of general business expansion 
between reference cycle stages I and V (prices rise, in fact, with a slight 
lag, starting after stage II), and falling during business contraction 
(between reference cycle stages V and IX). These are, of course, prices 
in the United States; they reflect the cyclical pressures present in 
domestic markets. The pattern of quantity movements reverses the 
cyclical tides (except during two interstage periods), declining during 
business expansion and rising during business contraction. Here, it is 
reasonable to Eissume, we have something approaching the short-term 
market relationships of conventional theory. The volume of cotton 
exports is strongly influenced by business conditions abroad and by 
cotton prices in American markets. Foreign business cycles are not 
synchronous with United States cycles and, indeed, differ from country 
to country. In the reference frame here set up, therefore, the influence of 
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foreign Luainess conditions ia variable, if not erratic; the one persiatent 
force affecting the quantity of exports is the cuatomnry stiinulating 
influence of falling prices upon demand, the euatomnry dopreasing 
influence of rising prices. Accordingly, willi avernges covering many 
domestic oyclea, the volume of cotton exports lends to be an inverse 
function of prices in the United States. This ia llic cose for the present 
set of observations, 

TABMl 8 

AVEnAOEB DEPININO TUB nEFRnBNCE GYCl.B PATTEUNB OP COTTON 
EXPOnTB AND COTTON PUICE8 IN 8KVENTH13N 
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Measuroa of elaabicity and flexibility arc given in Part B of Table 3. 
The phase measures ate nearly idcnlicnh The elasticity of foreign de¬ 
mand for Amorienn cotton, within the frame^vork of clomesLic businesfl 
cycles, is naeaaiircd by a cocflicicnt of ^0,00. All but one of the inter¬ 
stage elasticity measures arc negative; six of tho eight arc nogalivo and 
TuizneriGAlly in oxcese of unity, 

The cyclical behavior of cotton exports and raw cotton prices is 
distinctly less consistent than ia that of steel production and unit price, 
Tho patterns for the seventeen reference cycloa, viewed BO])avaLoly, 
show considerable variation, Of the seventeen, six arc of the same typo 
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aa the average pattern plotted in Figure 3. They are marked by prices 
that move with the general cyclical tide and by exports that move in¬ 
versely to that tide. The other eleven patterns differ widely in their 
cliaracteristiGs. Tests of statistical significance indicate that raw cot¬ 
ton prices conform to the patterns of reference cycles in business, but 

Fioube 3 ' 

Pattern of Raw Cotton Exports and Raw Cotton Prices 
In Seventeen Business Cycles, 1870-1936 

Averaged by rdferonce cyck stages 

PrlcB 



that cotton exports do not move in a clearly significant pattern. The 
most common pattern is that corresponding to the average shown in 
Figure 3, but there is too much variation to justify the acceptance of 
this pattern aa clearly typical. 

Measures similar to those given in Table 1 have been computed for 
64 commodities.’^ Combining the observations for these individual cona- 

» ThoHO moflsuroa, nnd the nnnlyllcal procedures employed, nro dosoribed In a monoBrnpli on Pn'cc- 
Quantity Interactions in ^usin«aa Cyclea (NaLlonnl Durcfiu ol Economio Reflourch, 1040). Tlio para- 
grapliB of Llie loxtlmmedinloly following Are from tliifl study. 

TliQ BAmplc of 04 comrQodi ties ifl roaaonftbly comprolionfllve. Itinoludca32rAwniateriol8, 32 munu- 
turod goode; 33 farm produota, 31 nonfarm producLai 48 producer goo da, 22 consumer goods (including 
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moditiea wc obtain measures doscriplive of tlie nverngc bohavior of 
physical quantities and commodity prices at wholesale (luring cycles 
in general business. This nverngc pattern, as dcfincil by the entries in 
Table 4j Part A, is shown graphically in Figure 4. This nggregntivo 
picture, it is clear, is one of poaitivo conformity of both prices and 
quantities to business cycles, In Hub framework general cyclical forces 
shape the fluctuations of both prices nnrl (|uuiililie.s, overcoming any 
tendencies that may exist toward inverse inovcmenls. 
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Our immediato interest is in llic relative rcRponsivono.^’H of llio price 
and quantity factors to the forces of biisinefiR cyclcfl. Over llu* full cycle 
(see the last entry in Part B, Table 4) there ie little difference bcUvecn 
the two, for the sample of commodities here Bliulicd. By convc^nlioUj 
we should classify the quantity movemonta as elastic (poaiLivel}Oj the 
price movements aa inflexible (positively), since the coeffieient e is 
greater than unity while / is Icssi limn unity. But the is too 

small to be significant. 
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If we go behind the approximate equality of the price and quantity 
measures for the full cycle we find notable differences in behavior from 
phase to phase and from stage to stage of reference cycles. The phase 

FjdUIIE 4 

Pattern of Related Price-Quantity Moveimenta In Busineas Cycled 
64 Cornmodltles 

Averages by referonce cycle Blages 



coefficients tell an illuminating story of related quantity and price 
changes in business cycles. During periods of general business expan¬ 
sion physical volume increases 1.25 per cent for every 1 per cent rise 
in price. During contractions commodity prices decline 1.23 per cent 
for every 1 per cent fall in physical volume. We shall find wide differ¬ 
ences among commodity groups in the cbrrelated behavior of quantity 
and price, but for the aggregate of commodities here studied quantity 
is elEistio, positively, in response to the stimulations of expansion, and 
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unit pricca aro flexible, poailivcly, under llie preRHiiroa of conlrncUon, 
We trace these relations more closely in the inettsvires for interstage 
periods. Quantities are clastic, relatively, in three of the four interstage 
periods of expanaion (in period II-IH alone an; prices more roaponmvo 
than quantities to cyclical pressures),.inelastic in three of the four in¬ 
terstage periods of contraction (in periotl V-VI alone are (lunulitiea 
more rcaponsivc than prices to cyclical prewniros). All the interstage 
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measures are positive (indicating direct relations holwcon price and 
quantity changes) except that for the Icrininol period of contraction 
(VIII-IX). At this final stage prices arc declining und quniitilics in¬ 
creasing,* but the mci’oaflc in quantity is relatively loss rapid than the 
decline in price, and the coeflfleient e is below unity. 

Tho coefficients for tho eight intemtage periods sliow u (liKfinct and 
auggestivo pattern of change. Following the decline in tlic elnslicity of 

■ Tho monauroB of olaallolly and floxlbillly In Tnblo 4 arc boaad upon aUgo AvorAgoa carried to ona 
deolmnl place, Tho alight riso In quanlity bolwoon atagoa YJTI and IX ia not apparont in tho rounded 
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quantities after stage II, there is a progressive increase in the stage 
elasticity of physical quantities (and a corresponding progressive de¬ 
cline in the flexibility of unit prices) between periods II-III and V-VI 
of reference cycles. We may think of these two factors as representing 
alternative means by which markets respond to and adapt themselves 
to the pressures of rising demand during business expansion, of declin¬ 
ing demand during contraction. After the reversal of the second period, 

FlQVflC & 

PaMarn of Factory Employment and Hourly Earnings 
In Four Business Cycles, 1921-1938 

Averages by reference cycle stages 

Hourly earnlnya 



accommodation, is ejected in increasing degree through physical out¬ 
put. Prices become decreasingly flexible, relative to quantities. There 
is a sharp contrast indeed between the situation prevailing between 
stages ir and III, when pi-ices advance 1.46 per cent for every 1 per 
cent rise in quantity, and that in the final period of reference expansion 
(IV-V) when prices advance only 0.68 per cent for every 1 per cent 
rise in quantity. These growing strictures on prices, relative to the 
forces affecting output and sales, are a notable feature of the present 
evidence bearing on the later stages of business expansion. 

In the first period of contraction (V-VI) quantities drop sharply, 
while prices decline but slightly. Thereafter the record is the opposite 
of that for expansion. There is a pronounced and progressive decline 
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in the cliwlicity of quantities (and a progreftaivo increase in the flexi¬ 
bility of unit prices). Quantity falls at a declining rate, relatively to 
prieea; prices deelino at accelerating rates, telativciy to quantities. 
BetTVoen atngea Y and VI prices decline 0.43 per cent for cvc>y 1 per 
cent fall in quantities; between stages VII and VIII average unit prices 
fall 1.46 per cent for every 1 per cent fall in quanliUes. As general con¬ 
traction spioads, and pcrvnrles the economy^ rcsiHlnnceH to continuing 
reductions in pliysica! quantity nro stronger, relatively, than the re¬ 
sistances to conlinuiiig price declines. For the sumjdc of comincxUtios 
hero vcproHcnled price is disiine.tly tlio more responsive factor, in all 
except tlio fli'st period of business contraction. 

We deni, finolly, in the reference cycle framework, with the volume 
of factory employment and average hourly earnings of factory workein. 
For these series wo have oliservations covering four reference cycles 
between 1621 and 1638.* Rcrercncc cycle relatives, averaged by cyclical 
stages, are given in Table 6 together with derived measures of the elas¬ 
ticity of factory employment and the flexibility of hourly earnings. The 
joint behavior pattern is plotted in Figure 6. 

Employment is, of course, relatively more responsive to cyclical 
pressures than are hourly earnings. For tho full cycle the elasticity of 
cDiploymont is defined by a coolflcient of -1-3.32. For every change of 
1 per cent in earnings there is a concurrent change, in tho aamo direc¬ 
tion, of 3,32 per cent in the number of workers employed. Tho expan¬ 
sion and contraction phases differ raatorially, however. The elasticity 
of employment averages -f-1.80 during periods of business expansion, 
-}-6.l2 during contractions. In both phases the volume of employment 
is more responsive than earnings to tho forces of business cycles, but 
during contraction the rolativo change in employment is sharply ac¬ 
centuated. The comparative inflexibility of average hourly earnings in 
contrnction accounts for tho difference, since the amplitude of employ¬ 
ment movements is the same in the two phases. 

The pattern of interstage changes is revealing. Wo note the relative 
elasticity of employment, the relative stability of earnings as general 
business expansion gets under way. Tlic employment fncLor remains 
elastic, and hourly earnings relatively inflexible, through stage lY. 
The pressures of rising demand for labor are met, during most of the 
expansion pliaso, by sharp advances in tho number omiiloyed, by 

* Monfiurcmonlfl doaorlpilvo of tho joint oyolioAl babnvlor oT omploymonl itntl hourly onrnIneH in 
thoflQ four oydofl may not bo nonorAlIzcd without nddlllonAl ovldonco., Tha period covered I& abort, nnij 
it la known iLt^tapooinl olrcumslnncoa Innuenecd the rclallona In nuoallon durlnR Mils period. Wo may 
note, however, thnt cuBlomary etatlalloal toate Indlonte that tlio evorngo oyollenl pattern of employ* 
msnt ehangoa |q Blgoldoiinl; hourly onrninga ehow hiah aonformHy for iho pliquB of oxpaoilon nnd for 
the full oyoUj. but there is no oloar evldonco of algninoanoe. 
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email advancea in hourly earnings. But in the terminal period of expan¬ 
sion (between stages IV and V) the flexibility of earnings exceeds unity, 
while the elasticity of employment is less than unity. In the first stage 
of contraction the coefficients are negative, reflecting the persistence of 
advances in hourly earnings, although volume of employment has 
started to drop. The resistance of earnings to downward pressures is 
manifest in a flexibility measure close to zero for interstage period 
VI-VII. Thereafter, during the two remaining periods of business con¬ 
traction, the coefficients of flexibility are positive (he., hourly earnings 
decline ns employment falls), but they remain well below unity. Hourly 
earnings are far less responsive to the forces of business contraction 
than to the forces of expansion. 


IV 

Measures of elasticity and flexibility relating to movements in the 
framework of business cycles have specialized meaning and uses. The 
relatives on which they rest do not, in moat cases, reflect the full cyclical 
swings of tho two factors, for the imposition of a standard reference 
frame will dampen or eliminate price or quantity fluctuations not syn¬ 
chronized with cycles in general business. To supplement the reference 
cycle record the fluctuations of commodity prices must be studied 
within a frame provided by specific cycles in the corresponding physical 
quantity series, and the fluctuations of physical quantities must be 
sliiclied within a frame provided by specific cycles in prices. The three 
sets of records are needed to define cyclical market behavior. 

&j)ccijic cycles as frames of reference: Fleodhiliiy of 'prices during specific 
cijcles in quantities. Between 1865 and 1937 seventeen specific cycles 
in the physical volume of hog receipts at Chicago may be identified. 
In the present analysis of this series, and in the related study of hog 
prices, the reference frame is provided by the cyclical turning points 
(i.e., the lows and highs) in the series of hog receipts itself. Phases of 
expansion and contraction and cyclical stages (from I to IX) are 
identified with the series of hog receipts, not with cycles in business at 
large. For some commodities, of eourse, specific cycles may coincide 
with or closely approach general reference cycles. Specific cycles in 
hog receipts do not conform to reference cycles.^^^ 

Stage moasuromenta for hog prices and hog receipts, within the 
apccific cycle frameworkdor hog receipts, are given in Table 6 and are 
plotted in Figure 6. These are averages for seventeen specific cycles, 

Tho Jndoi of conformity la —10, on a flonlo th.B.t runs from —100 to +100. Itia not Blgniflcantly 
difTerentfromO, ivhloU would reprefient no conformity, direct or invorw. 
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Conformity and variance tests indicate tlmt the pattern of price 
cliangea, witliin this framework, is KiKnilicniit. The general picture is 
of an inverae rclnlionship, witli jiricoH falling ns receipts increase and 
rising as receipts, diminish. In fitting the price Bcries into the (luaiitity 
framework wo arc giving tlie quantity scries an independent aliUuH. We 
arc, in effect, setting up the liypothesis that price is a function of 
quantity. 

taule 6 

AVnaAOES nEI'ININO THE rATTEnH OF HOO aiiCElPTB IN SEVENTEEN 
SPECIFIC CYCLES AND THE PATTEnN OF HOO PniCES IN 
THE qUAHTITV’ FKAMEWOUK. JMIl-1037* 


A. Qtngo Averngod 
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* Tho qunnilty aorlea doflnoa hog rooolpla nl Clileago, by nutnbor, Pricoa nro for heavy lioga at 
CltlcoRO, In 100 pound u.QlLa. 

Stage and phase meosurog of the floxibility of hog prices, in rosponsc 
to cyclical changes in hog receipta, arc given in Part B of Talkie G. The 
coefficient for the full cycle is —0.50; tho geparato phase meagiiroa for 

Tbia InvolvoB Iho Assumption llml, within Lho frnmowork of Bpccido cycles In qunntillea, cnusnl 
Tolallona run from chnngCB In liog roccipls to clinngcB In prlcos, IX lho qunntily soricn conrormed clnscly 
to roferonce cyoloa the injluonco upon prices of spacina vnrjnUoiis In qUAnliliee would bo iiidiBLineuinli- 
abla from lho influenco of cyolicnl forces nl Iftrgo. Bui wlion tho Bpocifio qunnlliy cycloa nro nppnrcnlly 
unrolntod to rofcronca oyolea, aa in lho prcaont cano, llio nasuinptlon ihnl price clmiiRca within tlio 
qiiftntlly framowork roHeot the influenco of Qiinntlly clinnKoa Ia more lonnblo. Mulunl inlcrnction of 
pricoa nnd qunnlltlaa ia not ruled oul aiuI, it ia midcralood, Ihoiiilluonco of oilior forres Is iiovcr rlenrty 
ollininnUd, Ifowovor, Ilia process of AVcrnKitiRObaarvnLlonacovorliiK many quanllty oyoleagivrAopjior- 
lunily for llio oltaoltinR nnd cnnccllAllonof forooa not pcrflintonlly oporntliiK hi llinlnparKlefrnmnwork. 

Tim hypothcBla llml pricoa nro liidopendont, with qiiAiillly flucitiiiUlonR plftylim n doneiuloiil rolo, 
onn bo toatod by aiuciying lho movumonla of Iiok rorcipts williln n framework provided by apcclfio 
oycloa In hoR pricoa, (This in done, for Anollinr coinmodily, In lho Ample next followlnK.) Rinco thoro 
la slBnlll43nnl oonfornilty of quivnlillos wllhin the price frnmowork tlicro ia no oloar bnaia fur rcIcctiuR 
ellher hypolboala. Tills coiioluaion 1b conalalDiil with Lho naHunipLIon Hint Ihoro la mulunl inlerncllon 
of hog prjMB And hog recelpla ivilhln lho proaonl cojiloil of nborL- nnd mcdlum-lorni mnrkot rola- 
lions. 
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expansion and contraction do not differ materially from this. In gen¬ 
eral, for every change of 1 per cent in the volume of hog receipts, dur¬ 
ing specific cycles in such receipts, there is an inverse change of about 
one-half of 1 per cent in prices. The interstage measurements indicate 
a fairly persistent pattern of price response to quantity changes, but 
one notable feature is to be remarked. The responsiveness of prices to 
increases in hog receipts is relatively strong (although the coefificients 
remain below unity) between interstage periods I and III. Receipts 

riouae 6 

Pattern of Hog Receipts and Hog Prices 
In Seventeen Specific Cycles In Hog RecelptSj 1865-1937 


Averages by specific cycle stagegj quontUy framework 



continue to increase between stages III and V but prices do not de¬ 
cline. Whether this apparent drop in price flexibility represents acci¬ 
dents of sampling or a persistent economic characteristic of hog markets 
is a matter for investigation.^^ In the contraction phase of specific 
cycles in hog receipts, prices are most flexible during the first two peri¬ 
ods (between stages V and VII). When quantities decrease, ns when 
they increase, hog prices tend to move inversely, the tendency being 
strongest during the first stages of decline and advance. Thereafter, 
prices become less responsive to continued movements of quantities. 

Elaslicity of quanliiics dunng specific cycles in prices. Specific cycles in 


» nocorda of price floxibllUy in rcBponao to ohangoe in bog alaugUlcr, oovering 14 apooifio oydea in 
tho olaughtor rcoordB, roveal a similar sharp doolino in flexibility afLor slago III of tha exparuion plaeo. 
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prices may be used os a framework witliin which the Ijcliavior of pliysi- 
cal volume series may be slucliccl, just os quantity cycles proviiio a 
framework for the study of prices. A.s an example wc study the pattern 
of lead ore shipments within a frame, provided liy specific cycles in the 
prices of leotl ore. Measurements derived hy averiiginR data for eleven 
specific cycles in lead prices, l)etwcen 1890 and 1938, are given in Table 
7 and are plotted in Figure 7. Coeflicieut-s of tlio elasticity of load ship¬ 
ments, with rcferonco to lca<l prices, arc given in Part 11 of Taldu 7, 

TAnrjj 7 

AVEIlAQEa DEFININQ TItE PATTEHN OP LEAD ORE PRIOIC8 IN ELEVEN 
SPECIFIC CYCLES AND THE PATTERN OP LEAD ORE BUIP- 
MEETS IN THE PIUCB FRAMEWOnK, 189(1-1038* 


A. SlBKo AmagGA 
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Wo should first note that tho framework provided by Rpccific cycles 
ia lead prices docs not differ greatly from the general framework of ref¬ 
erence cyolca, for lead prices conform fairly well to general l)usincsg 
cycles.Since the two frameworks are so nearly synchronous wc arc 
not able to disentangle the influence of price changes upon lead ship¬ 
ments from the influence of general cyclical forces. Accordingly, al¬ 
though tlioro is n temptation to interpret the relations sliown in Figure 
7 as those characteristic of a conventional supply function, it wotild be 
unsafe to do so. Tho consistent rise in load flhipments as lead prices nso 
and tlio consistent decline in shipments as prices fall may Im in part a 
reflection of a causal relationship running from prices to shipments. 

II Th4 Jud^x ooDformlly for the full oyola !■ 
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It may also reflect the pressure of common forces, related to cycles in 
business at large, impinging upon both shipments and prices.’* 

The response of lead ore shipments to price changes is mcEiaured by 
a coefficient of full cycle elasticity of i-l-H- The phase coefficient for 
expansion is somewhat higher than contraction, but both 

Floii.fic 7 

Pattern of Prices and Shipments of Lead Ore 
In Eleven Specific Cycles In Lead Ore Prices^ 1096-1930 

Averages by specific cycle stages, price frAmework 

Price 



exceed unity. The stage coefficients indicate high elasticity of quantities 
in the first period of expansion and in the first period of contraction, 
with sharp declines in elasticity in the intermediate stages of expansion 
and contraction. 

V 

Elasticity and flexibility during homogeneous secular periods, We pass 
to relationships between secular movements of economic series. Here 
wo do not seek recurring patterns, as we do in studying cyclical phe- 

Aklioiipfh wo OAnnot Bopnrnlo tho two aota ol InfluonccB In iKia oneo, wo should note Ihntloixd 
flhlpmqnU con/om moro olofloly to apooiflo cyolca in loud pricoa than they do to oyalcs in goncrul 
bualnesa. Tho two conformity indoioa aro +100 nnd -1-04, rcepootivoly, iho former baing highly eigmO- 
ount, Lho latter algnlficanb. The varlanco test rconforcca thia ovldonco, Thcro la an Indloation hero that 
the rola lions shown in Figuro 7 roproaont reaponaes of quantitlea to indopondent prioo ohanBoa, although 
Lhcaq movonionlA nrp pot isolated from oyolloal movemontB In busineBS at largo. 
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nomcna, but rcpfularity that is mnnifi-at in a perniiiLeat inlcr-cycle re¬ 
lationship. In Table 8 are given cycle averages for ngricullurnl irrodiic- 
iiou in the United Slates for the seven businc.fs cycles occurring be¬ 
tween 1911 and 1038, and ral’^w of the jmeeH received by farmers to 
prices paid by farinora for goolls used in farm pro<lucliO[L and family 
maintenance, averaged for the same seven cycles. Tlieso averages are 

TAUI.B & 

VOLUME 01' AOIllCOLTUUAt. rilOOUCTION ANt) llATIO 01' I'llIUEH 
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plotted, on double logarithmic scale, in Figure 8, Tho averag rolao- 
tionship between the price ratios and the production series is clefined 
by tho straight line fitted to tho observations plotted in Figure 8, 
Tho equation to tho line is log 4,8051 —1.4995 log X, where log 
Y and log X are, respectively, the logarithms of the price ratios and the 
production indoxca, 

Tho measure of immediate interest to us is the coefTicient of log X 
in the above equation, This defines tho inter-cycle flexibility of ngii- 
culiural prices (“real” prices, in tho sense that the ratio of prices re¬ 
ceived to prices paid defines avemge unit purchasing j^ower of farm 
products).^® We interpret the coefficient, which has a value of —1,50, 
in this manner; Inter-cyclo relations between farm outjnit and fann 
prices were such, over the course of the seven cycles occurring between 
1011 and 1938, that for every incrense of 1 per coni in the volume of 
agricultural production Chore was a decline of 1.50 per cent in th(^ real 
unit price of farm products. Real farm prices, that in, were flexibh^, 
inversely, in reapouso to changes in farm output, 

rfx V I 
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Thia relationship prevailed, with notable persistence, over the period 
of the present records. There were temporary departures from it but 
it is clear from the graphic record that between 1911 and 1938 rising 
output was accompanied, secularly, by still more sharply declining real 


FiogRi S 

Volume of Agricultural production and 'Real' Prices 
Received by Ftirmere over a Period of Seven Buslnees Cyclee 
1911-1938 

Averages by ret^ronce cycles 
Logarllhm of relQllve farm price 



prices for farm products. The story for recent years is, of course, dif¬ 
ferent, and the record prior to 1911 was marked by other relationships. 
But for about a quarter century a persistent negative relationship 
prevailed between farm output and unit puicliaaing power, and set its 
mark upon the economic and social conditions of our time. 

A final example involves the comparison of inter-cycle movements 
(i,e., of secular changes) in the volume of manufacturing employment 
in the United States and output per wage earner in manufacturing 
plants (Table 9). The data aro presented graphically in Figure 9, 
which is drawn on double logarithmic scale. In this case we are not 
dealing with unit pricee and physical quantities, but the relations in- 
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volved lend tliomsclves to definition by coefficiento of clnalicity and 
flexibility of the typo employed in preceding oxamplca. 

Tbo secuiar relations between volume of employment in mnmifac- 
tuving indiistrioB and output per wngo earner underwent n marked 
change at about tlie middle of the imriwi here covered. The nverngoji of 
employment and productivity arc positively reliile<l for the first five 
of the business eyeftw occurring since the turn of the century. The ccpia- 
liou of relnlionship is log —1.3441 + 1.58.13 log X, where log Y 


TAniX 0 

MANOPACTUniNO ENfPIXYMENT AND OUTPUT PER WAGE EAHNEn 
IN THE UNITED STATES* 

AVERAOES BY REFERENCE CYCLES, 1000-38 
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and log X are, reBpectivoly, logarithms of the indexo.s of employment 
and per capita output. For the six cycles between 1914-10 ami 1032-38 
(the 1914-19 cycle, whicli marks a stage of apparent transition, is 
included in both sets of calculations) the relationship is negative. The 
equation is log Y =2.7700—0.2400 log X. 

The inter-cycle elasticity of employment, with respect to changca 
in per capita productivity in manufacturing industries, was +1.09 for 
the cycles from 1000-04 to 1014-19, —0,25 for the cyclea from 1014- 
19 to 1932-38, That is, during tho first of theso periods there was a 
secular increase of 1.09 per cent in volume of manufacturing omploy- 
ment for every advance of 1 per cent in per capita productivity; aflcv 
1914-10 there was a secular decline of 0.25 per cent in employment for 
every advance of 1 per cent In per capita productivity, Tliis is a.notablo 
reversal indeed. Advancing productivity was accompanied hy in- 
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creasing employment opportunities in manufacturing during the first 
two decades of this century. During the second two decades produc¬ 
tivity continued to advance, but employment declined. It is time, of 
course, that the persistent depression of the '30’s leaves a marked 

Fioure 9 

Manufacturing Employment and Output per Wage Earner 

over a Period of Ten Business CycleSj 1900^1938 

: 

Averages by reference cycles 

Logarithm of relallve ernptoymanl 



irapresa on the cycle averages, bxit the reversal of earlier relationships 
scema to antedate the recession that began in 1929.^® 


** Such n bnro doaorlpllvo Btatomont itafs provided by u coo/Bolcnt of employment clftstlcBLy with 
roapootf to ono rolrtlccl vftrlnblo docs not, of courao, provide on DxplanDtion of tho revoraal wo have noted. 
CluiogCB In tliQ diroolioii nnd volume of invcalraent, tho iitorcBsiiiB imporlnneo of servlco industriOB, 
altoralioriH In Internalionnl ocononiio rotations all influenced, directly or Indlraotlyi tho volume of em¬ 
ployment In inanufncturiiiK in tho United Stotos. Uoyondsucli Bpeoifio oircumatancQa, aome pert of the 
oxnlftnfillpn of tho nhrupt ahifL in ofirllcr londonoioB, cind of tho Inlluro of manufaelurijiB employmont 
to advnncQ as liidustrini ofllclcnoy Inoronaod, Is to be sought In the working of the wage-coat-prlco 
mcchnnisms by which wo adapt Lhouao of roBOurcoa to chnnslng condltlonaor production and to Bhilts 
In demand. 
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Summar]/. In Ihc study of demand and price relations cm])liii.sis liaa 
been placed, tradilionolly, on the qucslion: Wlml is the elasticity of 
demand (for a given commodity) with reforeiiec to changes in unit 
prices when no change occurs in any factor other than price tlml might 
affect the character of dcniond? In the iinwnl paper wc have been con¬ 
cerned ^vilh such qucHtions iW tbcHc: Is tpianlily (of a given comnunlily) 
clastic or inelastic with reforence to inovmneuls of unit priites within 
business cycles? Is quantity elastic or inelastic with refenmeo to the 
trcrifl of prices within relatively homogeneous secular pcriotls? Similar 
questions might relate to the elasticity of quantities with reference to 
seasonal movements of prices, movements of jiriccs within long cycles, 
hour-to-hour movements of prices, or year-to-year inovcinonls of 
priece. In dealing with these questions wo dolibcnilcly introduce the 
factor of time, making no attempt to eliminate or liold constant llio 
various forces other than tliaso of volume and ])rice tlmt piny upon the 
market. Wc seek to measure the difTcrcnliiil responsiveneHS of the quan¬ 
tity and price factors to the various impinging forces that operate 
within a given temporal framework. In each case the meaning of the 
coofRcicnt of quantity cluslielty (or of the correlative mciwuni of |)ricc 
floxihility) will bo determined by the framework within which the 
price-quantity intcrncliona arc studied. The severftl cocfTicicnt.M for a 
given commodity may vary widely in value from framework to frame¬ 
work. (Thus the comvunption of a given commodity may be imdiwtic 
within a seasonal framework, clastic within a framework of husiiicas 
cycles, inelastic with respect to secular changes in unit prices.) 

The examples given in the present paper have related, in ll)o main, 
to quantities and prices, but measurements of tho typo suggcHtcd may 
bo derived for any pair of series \vho,se interaction in a temporal franre- 
work is of economic significance. Tho unit selling prices of manufac¬ 
tured goods and the labor cost of such goods, per unit, may constitute 
such a pair. The elasticity of physical output with reference to change.s 
in labor costa per unit, and the flexibility of labor costs with icfcrcncc 
to changes in output, may be of interest. Tho relative rcsponRivcnc.ss 
(to cyclical forces, o.g.) of the prices of a given commodity at difforcut 
distributive stages may be defined by coefficients of floxil)iUty (price 
flexibility at one stage being measured with reforonco to price elumgcs 
at another stage). 

CoelRcicnts of tho typo cited are of limited significance unlosa they 
define persistent regularities in economic processes, There may bo 



FLEXIBILITY OF PUIGB3 


467 


pcraiatence of correlated rhythms of prices and quantities in their 
cyclical or seasonal movements; there may be persistence of trend rela¬ 
tions during an extended period. When the existence of continuing 
uniformities of behavior can be established, appropriately designated 
cocfficionts of elasticity and flexibility can serve a highly useful pur¬ 
pose in the study of economic processes. 



PRESENTING SEASONAL VATUATION TO TIIPI 
BUSINESS EXECUTIVE 


AkAN B. Donnaiiui; 

C/iftmber oj ComnxcTCti Uichiiwnd, 

In prc.Himlinft Ihu rcmiUA of llicir nnnlyNitti liUfiinnAH nlAlia- 
licinne Imvo foiled to reoeli (liufiill undcrAlniidinK of il)o over- 
ago htiRincAs osccuUvc. Ev«u with Rucit a reluUvcly nimtilo 
conrepL nn RCBRatittl vnrinlioi)i tlm (rodilioiiol forms of prescu- 
totion inoy be greolly improved ond clnrifled. 

S TATiaTACAlj nnalysiH is o. mysterious siihject to the ftvorngc! husi- 
ncRa oxeculivfi. To tho cxloiit llial roKiiUs of such Analysis arc 
mysterious, they are inelTocUvc. To Die samo extant, Dio iiusiiinsa 
Blaiistician iuui failed in liis job. 

Afl a rcspoDHiblo fitnfT nieinbcr, llio Hlalislioian ahoiilil enjoy llio full 
trust of his associalcs. But trust must bo (lislinffin.‘*liofl from crcululity, 
wliicli is defined os “belief on sligiit or uiicorluin oviduneo," If Ibo husi- 
nees executive docs not nndcrstnnd tlic sLulislieal rosuUs proaonted, 
they definitely represent unccrlain evidence to liiin, no mailer what Ids 
faith in the BtalisDcian, 

An excellent example may bo found in one of tho simplest of all 
statistical operations; adjustment for scasonul variation. This is a 
subject wiDi which tire business executive i.s iiUimately acquainted, 
and yet lie is often mystified by the manner in wJiicli it is presented by 
statisticians, 


THADITIONAL FORMS OP PJIEBRNTATION 

A brief example will show why the Btatlslicion has failed in his 
presentation of this relatively simple subject. Sales of a hypotlielicnl 
department store arc shown in Table 1. Traditional melhodfl of pre¬ 
senting these dala, including the adjuslcil dollar total and index num¬ 
bers on a fixed base, arc shown in Table 2. Neither method will ho 
clear to tho average business executive. 

While ho may have some skclcliy grasp of the concept, tho ndjuslcd 
dollar figures will make little sense to U»o depaiimont store manager. 
He knows very well llmt Iris December volume is greatly in excess of 
his September volume. Ho must plan his stock and personnel in precise 
. accord with this diffcronco. To show these at the same general level 
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is to violate his most basic standards of belief. The index data are 
even more abstract and difficult to reconcile with his everyday knowl¬ 
edge of sales volume in dollars and cents. 

If any statistician doubts that the average executive is confused by 
this type of presentation, he may carry out a simple experiment 
with any of the gi’oup at hand. Upon seeing such a report, the odds 
are very great that the excutive will continue his old habit of compar¬ 
ing a given month with the same month of the preceding year. This is 
his own tried and true method of eliminating seasonal variation and 
ha will not discard it lightly. He naturally arrives at the same result ns 
with unadjusted data. The whole process of adjustment has been worse 
tlien useless by adding confusion, but no accuracy, to the usual simple 
procedure. 

When ho compares a given month with the same month of a preced¬ 
ing year, the executive realizes that his result is a mixture of unusual 
conditions that may have prevailed in both periods. While his primary 
concern is with the current period, this simple method gives him a 
compound result of the two. It is the statistician who should separate 
these influences for individual analysis, but this he has failed to do in 
understandable terms, 


TABLE 1. BASIC DATA 

ECONOMY DEPARTMENT STORE SALES 
In Tliouaandfi oJ DoUara 


Moiilh 

Total BrIcb 

Bcaaonal 

Index 

1046 

1040 

Jnn. 

761 

602 

00 

Fob. 

m 

1,065 

06 

Mar. 

060 

1,105 

100 

Apr. 

1,107 

1,164 

105 

Mny 

1,203 

1.213 

no 

Juno 

1,200 

1,177 

105 

July 

1,054 

1,010 

00 

Auff. 

060 

041 

85 

Bopt, 

853 

870 

80 

Oob, 

067 

1,007 

100 

Novi 

081 

1,203 

no 

Doa. 

1|120 

1,431 

ISO 

Yotir 

12,000 

13,264 

100 
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TADEE 2, TIlAmTlOSAE l’OUM8 0»' I’RV'AEXTATlON 

ECONOMY DEPAnTME.ST STOni: BAMM 
AdJ. (or li<>MKiniil Variniinn 


Monlli 

Adjuiited Kal&3 tii ThouAniitb of Dcillnit 

hidei: 1035 50^100 

lDi5 


1045 

1040 

.. 

Jan. 

B.l'l 

1,102 

ino 

184 

Fob. 

m 

l,lU 

150 

185 

Mat. 


l.VOB 

15H 

184 

Apr. 

l.OM 

1,000 

I7fl 

183 

May 

I.Ml 

1,103 

182 

184 

June 

I,lit 

1.121 

102 

1H7 

July 

1,171 

1,122 

105 

187 

Aur. 

1,125 

1.107 

187 

181 

Bejil. 

l.DftO 

1,005 

178 

1H2 

Oct. 

057 

1,007 

150 

183 

Nov. 

m 

1,004 

140 

1H2 

Deo. 

m 

l.lOl 

H4 

m 

Ytar 

l,O0B 

1,105 

1 PIT 

m 


aUaGEBTBU FOIIM OF FiUiBBNTATION 

Ono solution to tlio proMcm will bcfouml in Table 3, lining Iho Humc 
bypothalical data na before. Let im examine this presenlalion ns it 
would be explained to the exoculivo for whom it is (lesiKned. 

Column 1, Aclutil dollar nnlcs for 1045. Tide onora no dlfTicuUy. 

Column 2, Dollar Bales for 1046 aa tlioy would have boon U diHlribulcd m 
tbo UHUal fioasonnl pattern. This ie easily cxpiniiiod, 

Column 3, Actual dollar baIca for 1040, which olTcr no didicuUy, 

Column 4, Porcontago ebaugo in actual dollar anlcB, Ibo usual form of 
analyflis in busincsB. 

Column 6. Current year compared with i)recediiig yonr, in porconlago 
formi with unusual induonces ironed out of tholnltor, and with floasonal in'* 
Quonco Qxchided as well, 

The final column ia simply the seasonally adiusted index of sales, 
with the preceding as the base year, in percentage rather than index 
form. There is no difference except in manner of presentation. The 
traditional form of presentation is mysterious. The form shown is 
simple, the mechanism is laid bare, and the meaning is clear. 

Our executive can readily iiiiderfitand, indeed he luia a very keen 
appreciation of the fact, that some inontlis in Iho preceding year 
were above or below that expected from Urn total volume of Hales for 
the year. The suggested form of proseiiLalion showa the exact extent of 
that deviation in simple fashion. 









PRESENTING SEASONAL VARIATION 


471 


TABIiE 3. SUGGESTED FORM OF PRESENTATION 


ECONOMY DEPARTMENT STORE BALES 
In ThouBanda of Dollars 


Month 

1D46 

1040 

Actual 

Per Cent Change 

AoLunl 

Normal 

Actual 

Normal 

Jnn. 

731 

000 


32.1 

10,2 

Fob. 

B53 

060 

1,066 

23,7 

11,1 

Mar, 

DfiO 


1,106 

IQ.3 

10.6 

Apr, 

1,107 

1,060 

1,164 

4,2 

0,0 

Mny 




.0 

10.a 

Juna 


1,060 

1,177 

- 2.0 

12.1 

July 

1,054 


1,010 

- 4.2 

12.2 

Aug, 

056 

860 

041 

- 1,0 

10,7 

SopL. 

853 


876 


0.6 

Oefc. 

057 

1,000 

1,007 


0,7 

Nov. 

oai 

1,100 

1,203 


0.4 

Deo. 

1,126 

1,300 

1,431 



Ycnr 

12,000 

12,000 

13,264 

10.6 

10.5 


The executive ia dealing with familiar units in a familiar form. 
There are no abstract index numbers, no terms such as adjuded Jor 
seasonal variation with a connotation of mystery, 

Finally, ho can continue his usual practice of comparing similar 
periods in different years. This ia a process that he clearly under¬ 
stands and readily applies. But there is the vast difference that he can 
now see in quantitative terms exactly what is involved in this com¬ 
parison: unusual conditions in the preceding as well as in the current 
period, 


SUMMARY 

To present results in a way that will be readily understood and used, 
the business statistician must reorient his thinking in terms of the 
user. He must avoid abstract numbers and technical jargon. He must 
take full advantage of familiar forms of analysis in business, such as the 
comparison of similar periods in different years. 

Statisticians may well afford to give more thought to methods of 
presentation. What has been attempted here, with a relatively simple 
concept, should be extended to the more elaborate techniques. More 
lucid reporting is a real prerequisite to widespread adoption of sta¬ 
tistical research in bu.sinesB, a matter of interest to the entire statistical 
profession. 





















SOME ATPI/IC/VriONS OF MULTIVARIATE ANALYSIS 
TO ECONOMIC DATA^ 

CKnilAIlD Tinthkii 

/cua jSVoftf CoiUget Am^o^ /oira 

T nifl esfiay propoBCB to iiilnKluco tiui oconoinic Btatintioian to Homo 
of tho newor inclhocls of muUivttrintc tinalyjsifi.* T)io cinplinfiiR will 
bo on molhotls of csliirintion nnd iiol on loHla of byiiollitiHOH, 'IVsls of 
BiBuificftnco will be iiiclicalcd ivliore llicy luivc been cnlnbliHlictl. 

E 9 lvmfvUoi\ by menuH of mnltivaTiatw Rnuly«is jirewinlH ('.(frUun gen- 
ornlizfttioiis of Uio melliotlH of multiiilo reRrewinn, ns for inslunco pie- 
Bontctl in Ezekiel’s' book. Tbese nimlogies will be emphasized Inlor in 
tlio course of tho discussion of Iho various procedure.^. Wo will deni 
only with the following methods: 

(1) DiRcriminnnt analysis; Ilorc wo propo.so to detennino linear 
funotiona or “indexes” computed from vnriou.s mensurablo clmrncloris- 
tica of certain data. Tho data have been classified into two gronpa, 
Diacriminnut analysis tries to establish linear functions of tlio clmi’ac' 
teriaticB which aro euch that they distinKidsh most successfully be¬ 
tween these groiij)H. Tlii.s method wna invoiiLcd by It. A. Fisher. A lo.st 
of Bignlficanco utilizes caidior work of Ifarnid Ilolclliiig. 

(2) Principal components: Wo try to nnower tho following fiiiestion: 
la It poseiblo to annlyzo a set of varlnblea into a more fundainonlal sot 
of components (“factora”) possibly fowor in number? Which i)orlion 
of tho total variance can bo accounted foe by each component? Tho 
boat method in tins field is due to Ilavold Hotelling. 

(3) Canouical correlation: Assumo wo have two sots of variables. 
How can wo dotonninc linear combinations (“indexes”) of llio variables 
in each sot in such a fashion that tho correlation hctwcon tbo indexes 
booomos a maximum? This method is duo to Harold Hotelling. 

(4) Weighted regression: Assumo that we Imvo a set of variables all 
of which are subject to disturbances (“errors”). How can avc find a 
■weighted linoar rogression function which 'will give us the “best” csti- 
matcB of the weighted regression coeflicicuts? Thi.s method, evidently 
closely related to classical multiple regression aualyaia, is in its present 
form duo to Tj tilling Koopmans, It can also bo used to answer a (pies- 

> Tlio nudior la luonlly obliged Ui hU ooUoprups, Prol. W* O. Caabrftn, Noidlity d’ llrowtUcft 
find A. M. Mooil for lialp find crllkimn ivUti ihiti pnpar. llo Ifmlao very muHi IndMdoii to Vr<»f. ll. lio* 
lollin/t (Columbin) ntid Uto followinK nicinliorfl of lliq ComIcr Coininlaalon (ClilriiKn)j J. bUrnrimk, 
T, KoopmnriB, U. Kloln nnd h. Ilurwkv. Joiirniil papor No. J-lJ)7flof Ibo Iowa Aftriculliiml Kiporl- 
monl Qinlion, Amoa, IowAj Projeoi No> 730. 

f A aummary of aomo of tlio moUiotla la ilvon In: B. H, 'Wilka; iSfafuffca, PrlncolODi 

J043, pp. 262 iJ. 

»Mv BcQklqU Afftiliwfi q/,Cofrefa(iDTv Aiialyaui 2nd od,, Nnw YorlCf IWl. 
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tion provioualy raised by Ragnar Frisch: How many linear relation' 
ehipg exist probably between the variablea (multicollinearify)? 

In what follows we propose to discuss these methods briefly and with 
a uniform notation. We will try to avoid lengthy mathematical deduc¬ 
tions and presentation of numerical methods. These can easily be ob¬ 
tained in the literature which will be quoted below. No effort has been 
mado to give a complete survey of the literature. 

Some examples previously given by other authors will be summarized 
and new examples will also be presented. These examples are supposed 
to indicate the wide range of problems to which the methods can be 
applied. It should be remembered that these examples are only tento,- 
tive applications of the various methods and should be regarded merely 
as illustrations. It is to bo hoped that they will stimulate more exten¬ 
sive applications in the economic field. 

The data which we use in our examples are time series. But we have 
neglected almost entirely this particularity of the data and the difficul¬ 
ties connected with it.^ This introduces possibly some biases into the 
tests of significance because of the serial correlations® probably existing 
in the data, The problem of degrees of freedom in economic time series 
has been treated by H, T, Davis.® No use has been made of these and 
similar methods. Presence of serial correlation makes the estimates 
inefficient. But the loss of efficiency is not very considerable if the serial 
correlation is not too large, It should be remembered, however, that 
the tests of significance, where they are given, may be infiiienced by ex¬ 
isting serial correlation in the variables. 

Another obvious shortcoming of the methods presented below Is the 
fact that they all assume essentially linear relationships existing in the 
population corresponding to the sample. It is to be hoped that this dif¬ 
ficulty can be overcome later and that analogous methods will be de¬ 
veloped to deal with nonlinear cases. We may, for instance, use squares, 
cross products and higher powers etc. of the variables. 

Notaiiou. Throughout this paper wo will carry on our argument 
in terms of the sample, but always with the end in view to establish es¬ 
timates for the relationships existing in the population corresponding 
to the sample. 

Let Xu{i = 1, 2, « • *, p, ^ = 1, 2, • ■ 2V) be a set of random variables. 

Tho observations in this sample correspond to a normally distributed 

‘ ScQ Q. Tliilncr: ‘‘Tlio Aiinlyaia of Eoonomia Time Series," Journal o/ the American Statistical 
Association^ Vol. 3fi, lOdO, pp, D3 IT, 

^ n. L. Aiidcrsnn: “Distribution of Llio Bcrinl Coriclntion Coeffieiont," Aniiaia of Malhamatical 
SlalislicBt Vol, 13, 1042, pp. 1 ff, 

" II, T, DaviH; Anafym'a o/Economic Time Series, Dloomliigton, Ind., 1041, pp. 176 IT. 
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muUivariftlc population. Wo nsflumo Uiftt cftch of Iho vnrlnblea 
■ ,X„ ha« been observed alA^ points fea 1,2, • ■ • ,N. 

Denote by 

(1) (i “ 1,2, . ..,p) 

the sftmple means of the p vnrinblcH. Tlieii: 

(2) 2(1 = Hu — Xi (i “ 1, 2, ■ ■ • , p, I = 1, 2, • • - , N) 

arc the devinUona from the meauH. Tim wmuB of s<iuRrt‘« and products 
arc: 

K 

(3) Sii = ^XitXi, {i,j “= 1, 2, ■ • > , 7j); 

i-i 

and the sample vnriniicoa and covariances: 

(4) au =■ iSi(//(Ar - 1) (t, i “ 1, 2, • • • , p). 

TJic sample correlation cooiricient Imtwceii X,- and X, is: 

(5) = a.//\/a7.a7/ O'.“ 1, 2, • • ■, p). 

Finally the standardized variables, deviations from llic sam|)le moans 
oxprcsBcd in terms of their standard deviation \/a7i an*,; 

(C) Zi, = 2i(/\/aH O’ = 1, 2, • • • , p, t “ 1, 2, • • ■ , A^), 

S, Jiiscriviinanl Analysis. Tho first method tliKcussod here is the 
motiiod of discnmnmnt functions introduced into statistioH by 11, A. 
Fisher,’ 

Tho problem to bo solved is the following: Assume we Jinvc a set of 
meosuvements of a number of variables wJiich are classified into two 
groups. Which linear combination of the various measuromonts will 
best discriminate between tlic two groups? 

Assume tlmt wo have N normally distriljutod observations on p vnri- 
ablcB X,- which wo denote by X,(. (2=1, 2, • • • , p, 1, 2, • ■ • U). 
Classify thcac into two groups for i= 1, 2, • • • , iVi and l=Ni+l, N\ 
+2, • • • , We define tho mcauBiu each group; 

Wi w 

(7) H* ^ZXu/N,. ir= z Xu/N,. 

l-^l 1 

* R. A. I'^Bhor; ^Tho Uag of MuUii>lo MooBuromoiiU In Toxonoinlo Problqinn,' ^n?in/a 0 / Kvoema, 
Vol. 7,1030, pp, 170 fT, Boo nlaa: "Tho BCnliBlIoal UtllliALion of hfulliplo MoMuromouln," ih^., Vol. S, 
IO3B, pp, 376 IT, Slofiafrcal Methodi for H^uarch IKorikflrjt 8II1 cd., London 1041, flaollon 40.2, pp. 270 ff, 
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Let the differences of the means be: 

(8) di = (^ = 2,..., p). 

We want to find the linear function of the differences of the means: 

(^) Z ~ kidi -\- k2di + * ■ • + kpdp 

which discriminates most successfully between the two sets of varia¬ 
bles; this is to say whose square is a maximum relative to its variance. 
Maximizing the square of (9) under the condition that its variance is 
constant we get e.g. the following set of equations for the k{\ 

Snki + ^12^2 + ' ' * + jSipAjp = di 
, Snki + S22fo + ’ * ■ + Sipkp = di 


Sipki + /S2pfca + ■ ■ ' + Sppkp = dp 

The solutions kt are proportional to the estimates of the coefficients 
of the linear function which in the population corresponding to the 
sample discriminates best between the two groups in the sense defined 
above. The similarity of the system of equations (10) and the normal 
equations in multiple regression analysis should be noted. 

A test of significance has been indicated by R. A. Fisher which 
makes use of Hotelling^s generalized Student distribution.® This dis¬ 
tribution was already derived in 1931. Define a quantity analogous to 
tho multiple correlation coefficient: 

(11) = NiNiikidi + V ■ -f kpdp)/N, 


Then tho variance ratio 


( 12 ) 


{N - p - 1)R^ 


has Snedecor’s F distribution for ni = p and 7i2 = iV—p — 1 degrees of 
freedom. In this fashion we can test the hypothesis that the empirical 
discriminant function may have arisen out of pure chance, if in reality 
there is no difference at all between the variates in the two groups in 
the population. This test is also related to some work of the Indian 
school of statistics.® 


* II, llotftllinfi: "The Gonornlisalion of GLudonU natio,” Annals of Mathematiccl Btatiaticsi Vol. 2. 
1031, pp. 300 fT, 

■ Sco, e.g,, P, C. Mnlmlmiobla: "On GonaraUzad Distance in BlaliaLlca,'* Proceeding of the National 
Inelitule of Science of India, Vol. 12, 1030, pp. 40 fl. H. C. Dosq and S. N. Boy: “The DlaUibubion of 
the StudenllEed D‘-GtaLiBliQ,’' jSanA:A{/a, Vol, 4, 1036, pp. ID d. 
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Example 1 

The method hoa been applied in a most iiilcioating way by Mr. David 
Durand to financial data, He utilized it c.g. to discriininnlo between 
good and bad loans.*® 

Lot bo the down payment, Xj the price, Xi the moiilhly income 
(all in dollarK) ntul Xt the tenKlli of the iroiilrnet in tiuiiithn. Then a 
linear function has been dclcM'niincd which in n Htmiplo of 48>l good and 
486 bad loons, discriminattss best between good and bod louiiu: 

(18) Z =Xi- 0.174X» -I- 0.12-LY, - 0.45X«. 

This method may also be applied in order to clasnify various eco¬ 
nomic phcnonicna. For instance, a group of prices cidleil sensitive jiriccB 
was frequently used in an attempt to anticipate more Reiuiral price 
movements. Tlio question if a given price should bo included into this 
group could bo decided by finding a set of rclcvunt mnnsnreinenlB for 
each of a number of Bonsitive and non-sonsilivo commodities and Ihon 
computing the linear combination of Iho mcnaurcmonls wbich dis- 
crimiDatca most sueccssfully between aonsillvc and nuti'Scnsitivo prices. 
This discrimiount function can then bo used in order to cla-ssify a given 
piico into one or the other of tho two groups, 

A Biinilar problem is tho class!fieation of prices into prices of con- 
numeva' goods and producers’ goods which wo propose to illustrato by 
an oxainplo. 

Example )8 

Wo have tried to apply tho methods of discriminant analysis to tho 
follo^Ving problem: Is it possible to distinguish between Iho piiccs of 
producers' goods and tho prices of consuinoin’ goods on the basis of 
corlnin mcaauroments connected with thoir behavior during the busi- 
naaa cycle? Wo avo going to uso gome dato collected earlier in a previous 
book of tho author.** Wo "ivill use monthly English wholesiilo prices, 
taken from the period 18C0-I913. The seasonal and trend have been 
eliminated fvorn these scries by n system of moving averages. 

Wo denote by tho median length of the cycle in months. Tills is 
the median of all cycles in tho period, measured from minimum to mini¬ 
mum. 

Ya is the median pci’contago of the durntiou of cyclically rising prlcos 
^ relative to tho total duration of tlio oyclo. 

Dur^tMl: £fcir(ffr|fi in Consumer Intlatlmfnl Finnricinj, FjnnnflAl IlcaRnrcU PrournWj 

InCouauroor TiMliUlmenl Finikuolnji No, 8 NAlioimlUuraitii of Kcononilo Rtiaonrc^ii Now Yorki 
lOila PP. 125 d. 

« Q. TlnlftWi Price* in Ihe Trade Cf/ula, Vlonni, loafi, Tal^Jo 2, pp, UOff, 
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Xb is tho median cyclical amplitude expressed as percentage of the 
trend. 

X 4 is the mean monthly rate of change in the cycle (percentage of 
trend per month). 

The fact that the various measurements are given in different units 
is irrelevant, since the discriminant function is invariant for linear 
transformations. Our result would not bo affected if e,g. Xi was given 
in years instead of months, 

Wg will try to construct a kind of "index” which will best discrimi¬ 
nate between consumers’ goods and producers’ goods on the basis of 
the measures of cyclical behavior indicated above. If we can do this, 
we would have a method which in a sense would measure most effi¬ 
ciently the "cyclical distance” between prices of various commodities. 

The linear discriminant function will be in our case: 

(14) Z - kiXi + A 3 X 2 + fcaXa + hXi. 


TABLE I 

CYCLICAL MEABUHEMENTS 


Prico 

Xt 

X. 

Xi 

Xi 

Z 



ConBuinors* Goods 



nice 

72 

60 

8 

0.6 

0,186 

Tea 

05,5 

48 

16 

1,0 

0.224 

Sugar 

54 

67 

14 

1.0 

0,200 

Flour 

07 

60 

15 

0-0 

0.228 

ColToe 

44 

67 

14 

0.3 

0.183 

Polaloca 

41 

62 

18 

1,0 

0,207 

BuUcr 

84.5 

60 

4 

0.6 

0.008 

ChccfiQ 

34.6 

40 

8,6 

1.0 

0 . 12 a 

DcGf 

24 

54 

3 

1.2 

0,070 

Averngo 







48,011 

62.007 

11.060 

0.022 

0,170017 



Producers' Goods 



Onsoline 

67 

67 

12.5 

0.9 

0,104 

Load 

100 

64 

17 

0,5 

0,203 

Pig Iron 

100 

32 

10.6 

0.7 

0.283 

Copper 

00.5 

06 

20.6 

0.0 

0,315 

Zina 

70 

51 

18 

0.0 

0,206 

Tin 

78.6 

63 

18 

1.2 

0.265 

Bubber 

48 

60 

21 

1.6 

0,239 

Qulokellvor 

165 

44 

20.5 

1.4 

0.401 

Copper Bliocta 

B4 

04 

13 

0.8 

0.243 

Iron Darfl 

106 

35 

17 

1.8 

0.2DS 

Averngo 







00.30 

60.50 

17.4b 

1.07 

0.270083 

Qcnarnl Avorngo 






70.663 

61.620 

14.305 

1.000 

0.227871 

DJfTcrcnoc 







41.080 

-2.107 

0,344 

0.148 

0.100021 


H, Hotellingt “Bpaoea of StutlBlioa ond thoir Mold bq lion,” Scianco, Vol, 47, 1028, pp. 140 ff. 
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This diacrimmant {vinclion should hcctnno a maxhnv^m whilo ita 
varianco is constant. 

Wo have chosen 19 pricc-s, Tho vnriouN inea-HurcmcniH for the data 
aro indicated in Table 1, 

Tlio matrix of the sums of squarcu and products computed from tho 
data given above is presented in Table 2 . 

TAlll.K 2 

KlIMH OF NOUAIU>l AND PtlOntlCtd 



At Xi 

Xt 

Xi 

Xi 

IH.382,460 -l.360.lHW 

l4ai.l.410 

21.303 

Xi 

1,276.340 


-IB.704 

Xi 


'405,146 

16.349 

Xi 



3.400 

Only tire elements aliove the diagonal arc given since 

t)io matrix ia 


83 'mmotrieal. 

Tho system of equations to delcrtniiio onr estiniatcs fcf is taken from 
Table 2 and tho rfj from tho last line of the previous table: 

18,382.450*1 - 1,350.900*, -h 1,833.410*, + 21.303*i => 41.C89 

- 1,350.900*1 + 1,276.349*1 - 45.023*, ~ 18.791*4 » - 2.107 

1,833.410*1 - 45.023*1 + 495.146*, + 10.345*4 « 6.344 

21.393*1 - 18.704*1 + 16.346*, -I- 3.400*4 - 0.148. 

Tho solutions aro indicated in the following linear cliscriminant funC' 
tions: 

(16) Z = O.OOlOOSXj + 0.000277JT, + 0.000825X, + O.OO 2 II 6 X 4 . 

Tho meaning of tho function ( 10 ) is ns follows: If Z is liu'g(!r than nt 
tho general mean (0.227871), a commodity nlionld bo cln,sKific(l as n 
producers' good, in tho opposito case ns a consumei B’ good. Tho average 
Z for producers' goods is 0.279083 and for consumoi's' goods 0.170017. 
Only one conBumors’ good (flour) and one producers’ good {gtt.solinc) 
are misolassified. 

The values of Z for various coramoditic.s and also for the averages 
are indicated in the iast column of Table 1. It is inlerosting to nolo Hint 
in this function ( 10 ) tho largest weight has been given to X, (ampli¬ 
tude). This seems to indicate that tlio cyclical amplitude is poH.sibly 
more important than otlior chariicloristics in (liHtingui.slnng eonHumors’ 
and producers’ goods, 

We compulo from tho last lino of Table 1 as 7 i:“ = (90)(0.100021)/ 
19 = 0.620678, Tho following is tho variance ratio: /‘'=3.802. This is 
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clearly significant. We require at the 6 per cent level of significance fox 
4 and 14 degrees of freedom an F of only 3.11. But at the 1 per cent level 
an F of 5.03 is required. The null hypothesis that our discriminant func¬ 
tion could have arisen by pure chance is refuted by the test. (This teat 
could also have been made by Hotelling*a methods without first com¬ 
puting the discriminant function.) Hence it is likely that in the popula¬ 
tion some difference probably exists in the cyclical behavior of the two 
groups. We would conclude that there is an effective linear combination 
of the cyclical measure.^ indicated above which distinguishes success¬ 
fully between consumers' and producers' goods on the basis of the data 
used. It is interesting to note that if another consumers' good—namely 
popper, is included into the analysis we do not achieve significant re¬ 
sults. 

Our result ia possibly of some economic importance. It should be in¬ 
terpreted in the light of the obvious limitations of our methods in deal¬ 
ing with this problem: The characteristics indicated in Table 1 are 
probably not really normally distributed in spite of the fact that the 
median in large samples tends under certain conditions to be normally 
distributed. It is also possible that a non-linear combination of the 
characteristics would be more adequate in our case. 

If our results were more trustworthy and also based upon a larger 
’ sample covering a longer period we coiild draw more reliable conclu¬ 
sions. We may still tentatively say that our analysis seems to sup¬ 
port to a certain degi’ee the contentions of the majority of business 
cycle theorists. 

3, Principal Components. The method presented here was first de¬ 
vised by Hotelling^® to deal with a problem appearing in factor analysis 
in psychology:^'* How can we analyze a group of variables into a set of 
independent i.e, orthogonal components, called “factors?" 

Girshick^** has shown in an important article that the same method 
can also be applied to the solution of other problems: We have a set 
of variates, each of which consists of the sum of a systematic compoaent 
and an error. How can we find a linear function of the variates which 
is least subject to the “errors"? Girahick also showed that the principal 
components method leads to maximum likelihood estimates if the vari¬ 
ates are normally distributed. 

IT. IIotollinK! “AnnlyslH of ii Complox of BtaLiatlon-l Vnrloblea into Principal Compononta,'’ Jour- 
»dJ of micationf\l rmholoou. Vol, 24. 1033, pp. 417 fl., 408 IT, Sco also 8. 9. Wilks; Mnihsmnfical 
tSfafl'dlica, op, Clip, pp. 252 fl. , 

J' K. J. Ilol^ingcr nnd II, II. llnnnan: Foefor Analysis, CkicaEo, 1041. 

!■ M, A. Qlrflluok: “Principal Compononta," Journal oflhe Ameirican Slalistical AtsoexaHon, Vol. 31, 
1030, pp. AID £r. 
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Aflaumo that wo want to roplaco a set of Htanctardi^cd variabloa 
^ by a moro fundamcnlai act of variables Ui • • » Up. Lot ob 
clotue: 


t\ ™ kiixii + fciiWj -f- ■ - . '|- Iciptip 

(173 . 

Zp c* -j- * * ■ "t' /wppttjf 

Those ui « • ■ Mp nro the )irincii)al e.omiion<‘nlH. Wo want llic to 
reprodiiCQ Dio original corrolatuiim botwoon Din variabloH 2 ». 

The expression: 

(18) Si - ku^ + 4.h Ki^ (i: - 1, 2, . - . , p) 

is evidently tho coiilribuUoii of the t-Di priiiciiml compononl Ut to tlio 
variances of all staudarclizcd variables Zi. Maxiirii'/iup; (18) under tho 
condition that tho corrolulions liolwc^cn Dio originul vuriabluM ought to 
bo reproduced leads to the Hystoui of linear ciiualitiUH for tUe coeffieieuts 
kif! 

kii + + - ' ' ripfcpr ==1 

(10) . 

ripAif + Tipfhi -{• ■ « » + kpi « ^^fcp^ 


This system of linear oquatioue is again similar to tliu normal oqua- 
tiona in multiple regreasion analyaiB, It can only have a non-trivial 
solution if tho determinant is equal to zero. 


( 20 ) 


(1— Tu ' ■ • rip 


fip r2p X|) 


0, 


It can be shown that tho largcal root of (20) is ussocialcd wiDi Die first 
principal component which accounts for most of tho variance. 

Next assume tliat wc have the vnrialiloa Z{ consiKting of two parts; 
Tho "truQ^^ value or maihcmaUcal expectation and a vamlom error. Wo 
want to find a linear function; U‘=kizrhk 7 Zi+ * • • d-A'pZjj. This ought 
to be choBon in such a fashion that the variance of tho orroiH is a mini¬ 
mum and that tho variance of u is one. Girslnek'* lias nlrnwn tins IoiuIh 
to the previous method. Wo must ehonao as X Ihn largost root of tho 
dotorminantal equation (20). If \vq drop tho secoiul siibHoript wo get 
exactly the Bamo solutions aa before. This second iiitcrprctalion may bo 
moro useful tlmn the original one in economic data. 

loa. fifr, pp, 622 fT. 








multivahiatb analysib of economic data 


481 


Girahick^’ has also shown that tho method of principal components 
results from the maximum likelihood approach if the original variates 
Xit follow a normal multivariate distribution. Hence it follows that it 
provides estimates of the principal components in the population cor¬ 
responding to the sample which have certain optimum properties asso¬ 
ciated with maximum likelihood solutions. The results of this method 
need not, however, be meaningful in economic terms. 

The distribution of the latent roots of the determinantal equation 
(20) has been established by various authors.^® 

Use has been made recently by M, J. Hagood^® and E, H. Bernert 
of the method of principal components in the field of sampling of eco¬ 
nomic data. 

The most important class of problems to which it could be applied 
are perhaps those connected with statistical questions arising from the 
transition from micro-economic to macro-economic analysia.^"^ These 
questions have been discussed from the point of view of economic 
theory,®* but never verified statistically by the use of valid methods. 

The practical importance of a solution of this problem lies in the 
following Many questions of economic policy require a knowledge of 
the broad economic relationships which are discussed in economic 
theory under the name of general equilibrium. This is true for instance 
of problems of full employment, taxation, subsidies, etc., which ought 
to be discussed in the most general terms possible. It is obviously im¬ 
possible to verify statistically a true general equilibrium because of the 
great number of variables involved. It would be necessary to include 
all prices of all commodities, all quantities of all commodities produced 
and consumed, all interest rates, etc. It is obvious that such a procedure 
would literally involve thousands and possibly millions of vaimbles. 

Hence it seems to be necessary to substitute certain indexes for 
groups of these variables. We may want for instance to represent all 
wholesale prices by an index of wholesale prices, all quantities pro¬ 
duced by an index of production etc. Which particular indexes ^vill 

” Loc. cit., pp, 627 ff, 

M. A, Qirahiok; “On fcho SampllnH Theory o-f tho Hoots of Dolorminnntal EqunlioiiB,'’ Annala oj 
Mathematical Statislics, Vol. 10, 1030, pp. 203 ff. H. A. FiahorJ “Tho StimpliiiB DiatribuUon of Bomo 
StfttifiUoa Obloincd from Non-Linour Equollons,"' Annab of Eugenia, Vol, 0, 1030, pp. 23ft IT, P, L, 
Uflu; "On Llio DistribuUoriof Koota of Ccrlnin Doterminnnlal Equntlona,” pp. 250 It. S. B. Wilks! 

Op. pp, 201 ft, (unpubllslied rcBulls by A. M. Mood). 

M. J, lTRf;aod find 12. II. Ilcrnert: "Componont Indoxos ns a DdbIs for StroLifying a Gamplo, ” 
Jeurnal of Ibo American Slalislical Association, Vol. 40, 104B, pp, 330 fl. 

” n, Frlaolir “PropaBalion Problems nnd Inipulao Problems in Dynnmio Economks," Economic 
Essays in Honor of Oustav Casael, l>on.don, 1033, pp. 171 11. M. Kalaoki: “A Maorodynamlo Theory of 
Buaincea Cycles," Bconometrica, Vol. 3, 1036, pp. 327 H. 

Bee, e.g., U. Lnngo: Brice and Employment, Dloomlngton, Indiana, 1044, pp. 103 U. 

” G. Tintnori "Multiplo IlogroBBlon for Byaloma of Equations," Economelrica, Vol. 14, 1940, pp. 
6 1I.| oap, pp. 0-0. 
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bo chosen dciicnds of course ujjon the nnlure of tlic economic problem 
considered. But it is of intorcHt lo csliiblisli llwf el^ilMcfil ^•«l^dily of 
tbosc Indexes in the followiiiK soiw-c: How jicrfent is the ropro.fcnlulion 
of all the vnriotia j)riee8, for iiislutice, l)y some general price index? 
Wliich percentage of the vtiriiuice of vtiriouH ((unnlilieK produced in 
tho economy in nccoiiiilcd for bj' a ccrtuiii piddiicfion index? We be¬ 
lieve tliat quesUuna of tins naluro can be nnswered Uuilalively by tho 
method of princijuil components. 

Tlicso problems are cvirlcntly cmmected willi Uu) general problem 
of index nunibers.” They have very far-reaching eigniUeanctf for tho 
choice between seveial poffsihlc nmcro-economic niodelK and llieir em¬ 
pirical validity, if we strive for econometric npplicalion.H of Lheso mod- 
ele. 

Tho very efficient cumimtalioiiul mcUnKls dovelojictl by Holelliug** 
have been utiiiml in the following examples; 

Example 3 

Tho first oxamplo doftla with an attempt lo determine tho principal 
components of n set of pnxhiclioii indexes. This example is scjmewlmb 
rotated to an cavlior essay of 13. C, llhodej».’* 

Denote by Xi an index for tho inoduction of mnmifacliirod diiniblo 
goods, Xj of non-durnhlo innnufacLured goods, Xi of minerals and 
of agricultural products. All indexes arc oompultsd with the base 
1035-30 “100. Tho period covered is 1010-30. \Vo use annual figures. 
The indexes Xi, Xj, X$ arc taken from tho puldicalions of the Fedoral 
llcaorvo Bowd and Xt from the year-book of Agriciilturnl aLatislic.s of 
the Deportment of Agriculture. The correlation matrix is given in the 
following table; 

TAm.B a 

connKUA'iioN matrix 



Xi 

Xi 

Xi 

Xi 

X, 

1.000000 

0,4f95Dll 

0.872830 

0.481210 

X, 


1.000000 

0.708270 

0.700807 

X, 

Xt 



1.000000 

0.718358 

l.OOOOOO 


Thesn four varialdes can bo nnalyxed iuto various oomponent,s or 
faetora. 


8flo, o.K.j Q. voiilTnliorlcr: ti^r Sinn JncJffXKiMtfnTuubIriKon, 1027. R. FrUeh: "Aiinunl Survey 
of Ecotiomlo Thooryi Tho Problem of Iniloi Numbora/ KtfortoirVoK i, lOUfl, pp. I ft. 

*iTi, TloioUlnii: 'BlrnpUnacl Cnloulnllon of Frinolpol CoinpunoniAi* Vul. I| 1030, 

pp. 27 £T. 

•» B. 0. lihodos: “Tha CoiuqlmoUon of an Inilex of DuairiQAa Activity," Jourrtaf of iAd Rovnl SMi*- 
iical SocieiUt YoL 100, 1037, pp. 18 ff. 
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We want to find the principal component which is such that it con¬ 
tributes most to the variances of the standardized variables zi ■ • • Z 4 , 
The system of linear equations which yields the coefficients of the 
first and largest principal component is: 

1.000000/cn + 0.496941A:2 i + 0.8728367c3i + 0.481240?C4i = Xfcn 
0.495941fcii + 1.000000/C21 + 0.768279/cai + 0.709S07fc4i = Xfei 

( 21 ) 

0,872863/cii + 0.768279/c2i + l.OOOOOO/cai + 0.712368fc4i = XAjgi 
0.481240 /cil + 0.709807/cn + 0.712358/c3i + l.OOOOOOftdi = X/c^i 


This system of equations can only have non-tiiviol solutions if its de¬ 
terminant becomes zero. The determinaiital equation becomes: 


( 22 ) 


1.000000--X 
0.495941 
0.872838 
0.481240 


0.495941 

1.000000-X 

0.768279 

0.709807 


0.872836 
0,768279 
1.000000-X 
0,712358 


0.481240 

0,709807 

0.712358 

1.000000-X 



From this we have X=3.033424. The contribution of the first principal 
component to the variance of the standardized variables are the squares 
of: A:n = 0.817391, 7c2i = 0,888102, fcai =0.951934, 7b4i = 0.818776. Hence 
it follows that the first principal component “explains’^ about 67 per 
cent of the variance of Zi, about 79 per cent of the variance of Sg, about 
91 per cent of the variance of Za and about 67 per cent of the variance of 

^ 4 . 

The same results can also be used to exemplify the other approach. 
We assume now that each variable z,- consists of a systematic part,, 
the mathematical expectation, and a random component. The func¬ 
tion u which minimizes the error variances (while its own variance ia 
one) is; 

(23) u = 0.269462^1 + 0.292772;22 + 0.31381 B 2?3 + 0.269918z:4. 

The coefficients in (23) are proportional to the previous ones. It is in¬ 
teresting to note that minerals have the greatest weight. 

The total variance of the four standardized variables is evidently 4. 
ITcnco, since X = 3.033424 it appears that the first principal component 
^^explains*' about 76 per cent of the total variance of the standardized 
variates 21 • • • Z 4 , 

The economic interpretation of these results would appear to be as 
follows: There existed in all probability during the period considered 
in'the American economy a phenomenon like '^production, in general. 
This general ^'factor” would account for more than f of the total vari- 
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ancc of tlic individual proclurlion indcxrH. A tuoro detailocl analysis 
Bhovdd of couvB<^. Ik* earricd out to cottRtni lliia iv^wii nut cmty with ro^ 
fipect to the broad caIrRoricii (jf pi odin^ticm UKcd here but also apply it to 
iho production of individual comnuKliiU'ii. 

This result, wliilo not urioxpeettHl, m by no metinw h ivinl. It would bo 
pos/iblc, for inHUuieo, t<j iina^me <in oeoiioniy wUem the industrial 
poclor nud iho nKnciiltuial vnriuv liavi* vi^ry little rclal iojisldp. Then 
\vc \voul<l havci Iwu iruportunt rurtf>ri<, Hay» iiulusliijd produeLauL and 
ftgneuRuml produrlion. Tlio first iianu'd woidil probably uetMjunt for 
most of tho varianeo in X\, and Xi and llm M'('ond for nutst of tho 
variancG of ^^ 4 . This is obviously not Ihu ease in our oxaiiijdo. The 
factor '‘production in genorar' which we have indicated in ( 2 :i) ac' 
counts fur most of tho variance of A 4 as well an bir most (jf the varianco 
of all other vnriableH. 

ICxiimpk /f 

A second example \Yhich ^Yill not bn pr<wnU'd in such gri‘ub detail 
deals with prices. Denote by X^ an index of whoh'salc fanii jiriccs, by 
Xu an index of ^YholeHIdo fond pricoi*, liy X7 an imlc-x of all oiber Nvliole- 
sale jH’iceH. TIioko are lukoii from the Ihimui of Dabfa' StutislicH indexes 
for the pevitul 1019-1930. 'rhe base yenv of the iudexi-w is 1929. 'fhe 
indexes arc given annually. Wo Avant again to find flic first principal 
component Avhielv accounts for most of the variances t)f the simulardizcd 
vai'ialcs. 

An analyfiiB of the data reveals that tUe ccmtyibuliuus {\( the first 
principal component to tho variance rif each standardized variable 
^ 6 , 26 ) 2 t w the square of the curvcHjKindiug coefficient: 080807, 

0.090100 and tyi=0,957021, It apjmars that Iho first ])rincipni 
component accountB for about 07 per cent of lUo variutu*e of for 
about 98 percent of the varianco of Zonnd about 02 per cent of the vari¬ 
anco of 27 , 

Tho function -a which miuimizc.s the variance of tho random (UTors 
(whilo its own variance is one) i.s; 

(24) u -= 0,343603 ^6 + 0.344845 2 ^ + 0,333508 07 . 

Tho coeflicicnts in (24) are again proportional to the Aj'h indieaLed 
abovo. 

It is rcmarlcablc to note that here the welghtn given to the various 
varinblos aro approximaUdy the aamo, Tins greut(«st root of tini detor- 
minantal equation ( 20 ) is hero X = 2.871300, Since tlio total vnriance of 
the standardized variables is 3, the princiiml component can bo said 
to account for more than 95 per cent of tho total variance. 
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It is of some interest to correlate our ^‘index^ (24) with the All Com¬ 
modities Wholesale Price Index computed by the Bureau of Labor 
Statistics. The resulting correlation coefficient is 0.991 and highly sig¬ 
nificant for 19 degrees of freedom. 

Hence we would conclude that on the basis of the evidence presented 
it seems that a “generaP* price index (24) could very well explain most 
of the variability of the price indexes of groups of commodities. It ap¬ 
pears that the residual variability is really almost negligible. This result 
should, however, be checked by an analysis of the prices of individual 
goods rather than of broad price categories like those used in our own 
procedure. 

Again this result is what we should expect. But it is by no means as 
obvious as it seems. We could again for instance imagine an economy 
in which the industrial and the agricultural sectors have very little 
connection. Then we would have to distinguish two factors instead of 
one, say industrial prices and agricultural prices. The first factor would 
account for most of the variance of Xf and the second for most of the 
variances of and Xq. This is obviously not the case in the American 
economy. The index indicated in (24) which represents general price 
movements accounts never for less than 90 per cent of the variance of 
any among our variables. 

4* Canonical Correlations, In economic statistics we desire sometimes 
to find the relationship between sets of variables. The method of canoni¬ 
cal correlations, introduced into statistics by Hotelling,^* provides 
means for accomplishing this. We replace each of the two sets of vari¬ 
ates by a linear combination of the variates contained in each set, the 
canonical variate. Then we endeavor to maximize the correlation be¬ 
tween these two canonical variates, the canonical correlation. 

Assume we have p variables X,- and JV observations on each variable. 
The variables are divided into two groups: t —1, 2, - • • , p' and 
f = p' + l, p'+2, ' - • , p. 

We want to find two linear functions: 

(2B) U - hXi + k2X2 + - • + 

and 

(26) V = kpf^iXpf^i + kp>-^2Xp•J^.2 + ’ • ’ + kpXp. 

which have maximum correlation with each other. The variances of 
U and V are supposed to be equal to one. The canonical correlation 
coefficient between U and V becomes: 

“ II. Hotelling: “Xlelutlons between Two Sola of VarlablcB,* Bxomttrika, Vol. 20, 1936, pp. 321 ff. 
Bee also: 8. B. Wilke: MatheTnatical Stati&ties, op. ctf., pp. 257 0. 
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and IhiH is to lie mtulo, a maximum under lluj ccmdifioriH that the two 
variances Eire eciuttl to one. 

Maximizing (27) under coiulitionn that the vnriiuirCH of [/ itnd V are 
one -U'e are led ti) a .system of linear criuutioiiH. 'I'liew linear ernialiona 
show ngain a certain similarity to llie noniird l•(|lmtinnH in claHHicnl 
multiple reRri'Ksion aimlysm. With (h(f help of varloiiK Iransformiilions 
which have hecn Rivmi ex|.licitly by llotelling and need not bo repealed 
lioro, we are fiiuilly led to a delonninaiilal o<iuiiliun: 
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(27) 


(28) 


/ii — X’ /ij ” • ' /i,,- j 

.. « 0. 

/e’l /(i’ll ■ ■ ■ fp’f,' — j 


Tho /„ are certain functi()n,H of the vmhmeeH uiid (?(i-vniianei!.s a,,. 
Equation (28) dclenniiicH X’, tho K(|ntire of the innxiinnm cuarmical 
correlation cocfTicicnt. Wc lake, the larRcst root of (he ileU-riniiiantal 
equation (28). I he joint distribiitioii of tin! roots of this ciinalion has 
been found by various autliom,” under the liypodiraiK that their jjopu- 
lalion vnkio ia zero. Standaril errors have Ixsm ilerivstd earlier by 
Hotelling. Insorling the value of X into the syKlem of Ihieur (iciuations 
wo find fc| • ■ • ft,„ These provide cKliinaLcs rif the. eniioiiiciil vnrialc.sin 
tho population corresponding to our sample. Tlicw. canonical varinldoa 

are euch that U is most successful in predicting V and V the bc.st nre- 
dictor of JJ. 


It should perhaps bo emphasized that these mclhnds do not neens- 
sari y yield results which can be readily iiilorpreU’d in Icnna of eco¬ 
nomic theory. Ihis problem will bo disenHsed in greater detail in llio 
last section of this paper. 

Hotelling^ applied canonical correlation fii-st to some pyechologicnl 
data taken from T. L. Kelley. But ho indicated the po.ssibillty of apply¬ 
ing tins method to certain economic problems o.g. tlio clfeot of crops 
of agncultiiral products on their prices, otc.*“» 

The two most succcBeful atteiniils to apply thcHO nudhods to eco¬ 
nomic data havo been made by P. V. Wangh.« IIo Htudied (1) Llio rela¬ 
tion between consumption and prices of vaiioiis types of mcMin and(2) 


. 

« cii., I). 822, p, 370 f. 

'• p. V, WAtwI.! •R«Brcwlon. D.lwwn BoU of VarUblw,- R«n<.»Mlrfc.. Vol. 10. 1013, pp, 200 fl. 
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the relation ^bet^veen characteristics of wheat and characteristics of 
flour. 

Example 5 

We indicate the first analysis as follows: Let Xi be steer prices and 
X 2 hog prices, beef consumption and X 4 pork consumption. Then 
the two canonical variates are; 17=1,71117 Xi+1.54037 Xi for the 
prices and y = 5.25679 X3+15.46684 X 4 for the consumption, These 
canonical variates are chosen in such a fashion as to maximize the 
(canonical) correlation between U and V. This correlation turns out 
to be —0.84666. U is the most successful linear combination of the 
prices to predict Y and V is the best linear combination of the con¬ 
sumption data for predicting C/. 

Example 6 

In the other example given by Waugh, lot the wheat characteristics 
be as follows: Xi kernel texture, Xztest weight, Xa damaged kernels, 
Xi foreign materials, Xb crude protein content. The flour characteris¬ 
tics are as follows: Xb wheat per bbl. of flour, X 7 ash in flour, Xa crude 
protein in flour, Xg gluten quality index. The canonical variate formed 
from the wheat characteristics is: 17=0.03902 Xi +0.23817 Xz 
— 0.03172 Xg —1.18545 X 4 + 0.77654 Xb. The canonical variate formed 
from the flour characteristics is as follo\ys: V = —0.11971 Xo —13,12015 
X 7 +1.12464 Xa+0,05903 Xg, The (canonical) correlation between 
U and V is 0.909388. This is the highest possible correlation between 
any linear combination of wheat and flour characteristics. 17 may be 
used to predict V and V is most successful in predicting 17. 

Example 7 

In the following example we will try to determine the relationship 
between certain price indexes and some production indexes by the 
method of canonical correlation. The data are the following: 

Xi is the index of production of manufactured durable goods, Xz of 
nondurable goods. Xg is the production index of minerals and X 4 the 
index for agricultural products. All these indexes are given annually for 
the base 1935^1939 = 100 , They have been taken from the publications 
of the Federal Reserve Board except for X 4 which comes from the De¬ 
partment of Agriculture. These production indexes form the first group. 

The ycai'ly price indexes, all given for the base 1926 = 100 are taken 
from the publications of the Bureau of Labor Statistics, All are whole¬ 
sale prices, Xb denotes farm prices, Xa food prices and X 7 other prices. 
The period covered by all these indexes is 1919-1939. They are annual 
data given for 21 years. 
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The matrix of the correlation coefficients is rcprtfficnted in the follow¬ 
ing table: 


TAUI.B 1 


COIIUEI.ATION MATKIX 



X, 

x% 

Xi 

Xt 

A| 

Xt 

Xt 


1,00«)00 

0.40MU1 

0.&72|!L:I0 

0.4tU2IU 


-n.-»273?iO 

-U.2[Hv10O 

Xi 

Xt 

Xi 

A'l 

Xt 

Xt 


l.OOOOOO 

0.768270 

1.000000 

0,70Wi07 

o.imM 

I.OCXIOOD 

-“0.011427.1 
O.SfllOKI 
} .OOilflOO 

n. 42^i/.76 

- o,tnma 

o. anTrKJH 
O.OH72M5 

1.000000 

n.M\220 

OJIfiOBO 

0-078112 

O.UHOOt 

1.000000 


We want to find two linear fnnetiona (ranoninil variates): 


(2^) C/ = -h fcjij d- ItfXt H- kiXi 

“ kiXt -f- kiXt -f- kix-j. 


riio variances of these two fiinclionB U and V shendd ho one and their 
correlation a maximum. 

Using the iteration methods tlcvoiopod by Ilolelling*' and the com¬ 
putation sel\cmc8 of Waugh” we get the following resuIlK: 

(31) U = 1.004089zi - 0.3710202, - 0.5870502, - n.0200() lB, 

(32) y = I.OOOOOO 2 , — 0.01142-12, - 0.21648527. 


These rcBulla arc given in tcrins of the standardixed variables c,. 

^ The (canonical) correlation coefficient between these two liiKtarfiiric- 
tiona of the quantities irroduccd (C/) and the prices (T) is 0.8881. U and 
y arc choBGii in such a manner that they liavo tlie liiglic.st po-Ksildo cor¬ 
relation with each other. 

Tills can also bo expressed in the following way; Our IJ i.s the linear 
combination of tlio various production indexes which is most siiccussful 
m predicting the general price "index” V. And at the same lime V is the 
linear combination of price indexes wliicli is bc.st in order to predict 
the general production "index” U. 

Needless to say our results are to be interpreted willi a certain 
amount of cauUoii. Aftor all, wo are dculiiig lioro only with pnuluuliion 
and price inclcxcs for rather broad cnlegories and not with the jirodue- 
tion and price data for individual commodilicH. Wo can neverllielcH.H 
reach somo tentative conchisionH. Our raelliod does nut inqily that 
Ships economically meaningful ("Hlniotiirnr') relalion- 

The first index U (31) allows that in trying to oatimato the mutual 

Op, ci/,7 pp, 342 {[, 

« Op. cit.f pp, 301 ff. 
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interdependence between production and prices the largest weight 
has to be gi^jen to the production of durable goods. This agrees with 
the ideas of many students of the business cycle. The weight given to 
production of minerals is also quite important but negative. Agricul¬ 
tural products seem to play only a very insignificant part. It is espe¬ 
cially the weighted difference between the movements of the production 
of durable goods and the production of minerals which appears to be 
decisive, This points in the direction of certain business cycle theories, 
especially those stressing the different behavior of various producers^ 
and consumers^ goods in the cycle. 

Highest weight in V (32) is given to farm prices and some weight 
also to the index representing all other prices. But this weight is nega¬ 
tive. It is probably due to the fact that many miscellaneous prices are 
contained in this category that the influence is here considerably 
smaller. Food prices seem not to play a very important part in the 
determination of V, It is interesting to note that it is the difference 
between farm prices and prices of other commodities which appears to 
be decisive. This again seems to point in the direction of certain busi¬ 
ness cycle theories, 

5. Weighted Regression, Ordinary multiple regression tries to esti¬ 
mate the relationship between a “dependent'^ variable and a set of '4n- 
dependont” variables in such a way, as to make the prediction of the de¬ 
pendent variable most successful. The sum of squares of the deviations 
from a linear combination of the fixed values of the independent varia¬ 
bles becomes as small as possible (method of least squares). This as¬ 
sumes that we want to predict the dependent variable most success¬ 
fully for fixed values of the ‘^predictors/’ i.e. the independent variables.®^ 

This method evidently breaks clown if we are not interested in pre¬ 
diction but only in the establishment of “structural’’ relationships ex¬ 
isting in the population, and if we also assume that all variables are sub¬ 
ject to disturbances. For theoretical purposes and also for purposes of 
economic policy this is most important, as Haavelmo has shown. 

Assume we adopt the following stochastic scheme: Not only the de¬ 
pendent variable but all variables in the system contemplated arc sub¬ 
ject to error (Frisch).®^ We do not want to predict one of the variables 
for fixed values of the others, but want to estimate the structural rela¬ 
tionships themselves, i.e, the regression coefficients of the weighted 
regression equation. 


» n. IIotolling: •Tho Solcotion of Variatoa for TJbq In Prediction with Somo Commonts on tho 
Gonoral Problem of Nuisance Parametora," of Mathematical SlalUtica, Vol. 11, 1040, pp. 271 fl. 

»'T. Haavelmo; “Tbe Statinliool Implicationa of a Syatem of SinniUanenua Eouationa."' Ecojio* 
metrica, Vol. 11. 1043. pp. 1 H. “Tho Probability Approach In EcoDomoLrloa.'’ i6id., Vol. 12, 1044, Sup- 


plcmonb, 

R. Frieob! .SmiitKcef Con/lueriC9 AnalpsU hi/ 


Meana of Cortpieic fleordjaion flyatoma, Oalo, 1034. 
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The cslimation of Klrucloral rcl«lioii!*hiph** in mewl imporlanl in con¬ 
nection with problcmH aiiKing in ecoiuMiiic policy. Tins will l)c illus¬ 
trated later CH|)eci»lly with tlie help of KNUinpleje 10 and 11. ^Yo will, 
however, inillcalo here Konio of the ouslnudiiig fetiltjrcH of tliia idea 
■with the help of another illu.Hlr.’itiuii, 

Conuidev live market for a commodity, «wy, wheat. It in known from 
cconojnic theory thut tlic price of wheat nml the rpumUty of wheat 
flold on tlie market arc (IclennuHid by ihc (leinaiKt fnnr.lum uml the sup¬ 
ply function of wheat. If we correlaU! tpianllty ainl i>riee tlie result need 
not nccc-ssarily reiiroKent cither tlie deinnnd function or Ihn HUjiply 
function. This is irrelevant, liowevcr, ns long us we a.K,suma (hat the 
fuiulainGntal conditions (taslc.s, leelinology, ole.) reinnin tlio wuno and 
we want only to make predicliojva. The classical regression of the. price 
on tho quantity will for inslnnco under these eoiuliliniis give the best 
prediction for the price. And the cla.Hsicnl regri'ssioa of llie cpiaiilily on 
tlie prico will bo the most uuccessrul predictor for the ipiantity of wlioat 
Bold and bought on the inarlcet us long a.s Uicru is no ehunge in the fun¬ 
damental underlying cunditioim. 

But tho eilutttinii is entirely dilTerent if, for iiifilunee, tho govern¬ 
ment docidea to fix tho price of wheat. Then It becomes most Important 
to know the elasticity of dcintuid. But this elasticity cannot bo estab¬ 
lished Iroin any of the two classical r(!gre.sKi(in equations, I'Xeept in very 
oxcoptional caeca.*’ llonco wo need a melluid whieli will yield estimates 
of tho important economic structural coelTicioiitH, like e.g. elnstie.itica, 
thcmeclvcs, Wciglilcd regression in designed for tliis particular purpuso 
rathor ihau for tho prediction of values of one particular variable like 
classical multiple regression. 

The problem of disUngniHliing tlvo various economically menningfni 
rdatiouBhips, c.g., domand fimcliona and supply functions, is also very 
important. Tliis problem of ulcnlificalion will be discussed in more de¬ 
tail in eonnoction with Example 10 below. 

Tho method of weighted regression was developed by Koopnmns’* 
on tho basis of earlier work of many authorn, among whom Ilodtw” and 
van XJvon^* are most importivut. 


»♦ A.'V^’nld: LlooiiU Wocli VurinbtoiiivroHubJociLto Krror/ Annuls of 

rnaffent iSfdfiitfiiTii, Vol. 11, pp. ff, 

*f 13. J. WorkliiR: "Wlitwl Do bintidUcnl I)ijiHAnd CiirvflU JHluuv,** QuttrUrly /oMrna( of KcuiiorniM, 
Vol. il, 1027, pp. 212 IT. 

H T, KoopiiiniiH' Linaaf lief/rtMaiun Atiol]fnii iii Efonatnic Tinm Stricn, IlAtirlorrii 1UJ17, 

** Vr.C. UbodoA: '0^ TilnisBnnil Vlnnciul ClonoBt Vii,“ Aln^fOiirie, ner, 7, Vu), D, 10^7, 

pp. 967 

*» M, J, van Uvoti! *A{iJ^almcnl. o( N pDlntl (in n-dimoimlnnnl (^pnr,a} lo UiobcAl linenr (n—l)- 
(Jlinenalonal fipaco,* Akodtm^t mu Welentfhaptni AmaUrdam Proittdinffi of ths Section 

of Vol, 23, lyao, pp. 143 ff,, 307 tf. 
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In the most general form we can pose the problem in the following 
way: Assume that we have a meaningful (identified)^^ linear relation¬ 
ship between the p economic variables Mi: . ' 

(33) fco + kiMi + /c23f2 ‘ + kpMp — w 

where /co, , Icp are “structural” coefficients and t/; is a random 

term. It results from variables not included in our system. But actually 
wo don^t observe the “true” variables Mi - ’ - Mp but the empirical 
variables Xu (i = lj 2, • ^ , N), We have N observations on each 
variable. Let us assume that the systematic part is the mathematical 
expectation of Xi and the yn are the random disturbances. 

Xit ~ Mu + Vu 

(34) . (t = 1, 2, . ^ , N). 

Xpt = Mpt + ypt 

We assume that the “disturbances” or errors yu are independent of 
each other and normally distributed. They arise as errors hi measure¬ 
ment, from lack of representativeness of the empirical variables Xu, 
from frictional causes, etc. It has been proposed to call the yu dis¬ 
turbances in the variables and the la disturbances in the equation. 

There are two possibilities in dealing with this situation represented 
by (33). We can either neglect the disturbances yu or the random term 
w. This random term results from variables not included in the analysis 
and similar causes. The first approach is implicit in Haavelmo's/^ 
Walc^a^^ and Marschak's'^^ work. The second assumption underlies the 
fundamental scheme of Frisch^® and the weighted regression analysis 
developed by Koopmans.'^® Wo are going to deal only with the second 
case, Our equation (33) becomes: 

(35) fco “h kiM\t A5zM2i “H * ■ ■ H- kpMpi = 0 (i = 1, 2y • • • , W), 

We can only neglect w if all or at least most of the important variables 
have been included in our system. 

L, R. IHcin; “Pilfnlla In tbo SbutlBllcal Dotermination of the Investmont Bolicdulo," Econc- 
mcirica, Vol. 11» 1043, pp. 240 fl. 

Op. e\i. ScG niso: T, KoopmftiiB: "BtullsLlcal Enlimation of SimuUtineoufl Econoinio Relatlona," 
Journal of tho Ajnenenn 5JaU'fl/r’caf Vol. 40, 1015, pp. 448 C. 

II, n. Mfinn ftnd A, Wnid: “On tlio StnlUlioal TrgnLmcnt of Linear Stoohnallo DJS’oTonce Equa- 
Uons,'' Econometricai Vol. 11, 1043, pp, 173 IT. 

J. Mnraohak and W. H. Andrews: “RAndom SimuUancouB Eciuatlons and the Theory of Prodao 
tlon,” ITconomefrica, Vol. 13 1044, pp, 143 d, 

Op, ci7. ScG also: R. Stono: The Analyses of Market Demand, London, Nntionol IfistRute of Eco¬ 
nomic] and Soolnl Rcacaroii, 1046. 

« Op. cU. Soo also: G. Tintnor: **An Application of Iho Variate DiDferenoa Method to Multiple 
RoEreasloD,’* EconometricQ, Vol. 12, L044, pp. 07 ff- 
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It should be emphasized that it would he most desirable to combine 
the two methods, i.e, take the disturbances Vu into account as well ns 
the random term w. Unfortunately it seems that there arc great prin¬ 
cipal difficulties present. 

Assume that we have estimates of the variances of the disturbances 
y,( in the poindation corresponding to our sample. These estimates Fj 
may be based upon the Varinto Diflfcrcnco Mchliod,^'' upon deviation.^ 
from time regression fimctiotjs, c.g. polynomials and Fourier series, or 
may be given a priori. Wo could also use Iho molhotl of principal com¬ 
ponents ns indicated above. Tlio contribution of tlio first component 
may be considered as the systematic part and cveryUiing else lus the 
random error. We nssunic that the eslimatc.s Fj arc accurate enough to 
enable us to treat them as constants. Then, assuming normality and 
independence of the disturbances yit we apply the method of maximum 
likelihood which leads under our a.ssumptions to the method of least 
BquaroB. 

Denote the deviations of the X 41 and of the Mu from their respective 
moans by Xo and The weighted sum of squares to he minimized un¬ 
der the condition (35) is then: 


(30) 


N 

1-1 


(®1, — Wii)* 

v\ 


-h 


(ipi - mptY 


It should bo noted that the weights are the reciprocals of the error vari¬ 
ances Fi 

It appears that tlic constant fco is determined by the condition that 
the optimum solution has to pass through tho means of all variable.^: 

(37) /Co + hi% + fc2^2 + • - + = 0. 

The best solutions for the lomniiiing regression coefficients , Icp 

arc given by: 

ttuJiJi 4- • -f- aijihfi = TiFifci 

(38) . 

<iipki -f 4- • • ■ 4" tippkf = Wpkp. 


This is a homogeneous linear syalom in the unknowns Ici • ■ • k,,. It is 
again very similar to tho normal equations occurring in classical multi¬ 
ple j'cgrcssion analysis. It can only have n non-trivial solution if its de¬ 
terminant becomes zero; 


0. Tinlnor: Tht Variate i^ifference Jl/c(Aorf, Blooming Ion t Ind., 1010. 




MULTIVAIUATE ANALYSIS OP ECONOMIC DATA 493 

flu — XFi flu • • • flip 

(39) ..=0. 


I ^2p ‘ * * ^ p I 

The smallesL latent root of the detorminantal equation. (39) can be 
shown to bo the minimum of Q divided by (iV 1). 

By finding the smallest root Xi of the determinantal equation and in- 
fiorting it into the previous ayatem (38) we determine the weighted re¬ 
gression coefficicjits Aij ‘ • j ftp. 

In equation (35) we can evidently choose one of tho fci ' ■ • fcp by an 
arbitrary condition. Hence putting c.g. fci = — 1 we will chango it into; 

(40) k 2 m 2 i + + • • ■ + = nii (t = 1, 2, ■ • * , N), 

TJig rogresaion coefficients kz' • > ■ j kp* are now given by the system of 
equations: 

(a22 — Xiy2)^2^ + ^nky* + * ■ ' + a^pkp' — an 

(41) . 

a2pk2^ d" a2pk^^ ^ (app XiVp)fcp^ ~ o-ip. 

The ^ 2 ' * ■ ■ kp' arc our estimates of the weighted regression coefficients 
in tlie population corresponding to our sample. 

We can uae tho determinantal equation (30) for a test for collincar- 
ity: Let Xj; X^j , . . be the smallestt next smallest. , . etc. roots of ccpia- 
tion (60), Wo form tho test functions: 

(42) Ai = (W - 1)X, 

(43) A 2 - (W ^ l)(Xi -f- X 2 ). 

Then it has been shown by Hsu'*® that the test functions Ai and Aj are 
for large samples distributed like 'vith W—p and 2(N—p+l) degrees 
of freedom respectively. If A^ is smaHer than the computed for a 
given level of significance (e.g. 6 imr cent or 1 per cent)^ we may con¬ 
clude that there arc probably at least 2 independent relationships be¬ 
tween our 7 J variables in the population corresponding to the sample, 
Hence we have probably collinenrity in tho sonso of Frisch and it is 
appropriate to fit not one but at least two linear rGlntionshij)s of tJie 
typo (35), By computing other test functions wc can actually estimate 
llio nuniher of indopcnident linear rolaliouships which probably exist 
in tlic i)opuUiiion corresponding to our sample. 

a V. Tj. Ilftu? *On tho Problani of llotik and ilio T.imlllni? DiHLrUiulion of riahcr'A Tent runoUnn," 
dnnol* of Evgcnicat Vol. 11,1041, pii. 30 IT. fico alfto: Q. Tmlnort 'A Noto on Rank, MulUcoIlIncnnLy 
and Mulllplo Uourodaionfl,” Anna/o «/ Vol. 10, 1046, pp. 304 fl. 
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We can also apply a test of significance for the individual kt' given 
by KoopmanB which is only approximate. 

Denote by Cj^tho element of tlio inverse of the matrix used to com¬ 
pute the ki' ill (41). This inverse may be computed by the methods 
given by H. A. hishor." TJicn the standard error of the coefficient ft/ 
which we denote by s; is given approximately by: 

(44) s.» * co(F, + + • • • -f k/W,)/{N - p). 

The ratio fcZ/sj is approximately distributed like Students' twilhW—p 
degrees of freedom. The (computed in tliis fn.shion may also ho used 
to establish fiducial or confidence limits for tlio weighted regression co- 
efficicnta. TJic covariance of ft,' and fty' may be computed by similar 
methofls. The distribution of tlio variances and covariances has re¬ 
cently been established for some special cases.*” 

Example 8 

Tile method was applied by Koopmans*' to tho ship freight market, 
for tho period 1880-1911, 

Let ifi bo the freight index (1900=^100), Xt transport (hilliona of 
ton-mllcs), Xi tonnage (millions of tons), Xi coal price (sliillings per 
ton), All variables arc expressed in percentages of tho trend and the 
weighted regression equation is: i»i = 0.00mj-i'0.29»nj-l-0.46m<. 

Example 9 

In order to compute these weighted regression oocfiicicnts Koopmans 
had to assume somewliat arbitrarily a set of weiglils, j.o., tho oiTor 
variances Vt, Tho author** has endeavored to estimate tlicso weights by 
the Variate Difference Method in a study of agricultural production in 
the U. S., 1920-1041. 

Lot Xi be the logarithm of tho volume of agricultural production, Xj 
the logarithm of oraploymontin agriculture, Xa the logarithm of operat¬ 
ing capital and Xa time. Tho weighted regression equation appears then 
as: wii = 2.7736 7pz-l-0.9020 ma+0,0087 m,. Tho first two coefficients 
of this “Douglas typo” production function are elasticities with respect 
to labor and operating capital, while the third coefficient rcpi'caonts 
an exponential trend. It*appear.s, for instance, that an increase of agri- 
ouHural omployinont by 1 per coub will msult in an incjcaso of agricul¬ 
tural production by about 2.8 pci‘ cent, etc, 

n. A- FUlior: a((iti»l|£ol /or Reatareh WorA.ro, Hlh od., Now York, 1011, pp. lUO D, 

M T. W. Aiulomon ftnd M. A. QInihlok; ‘SoDip FiolonalonH ol tlio Wialinrt Dlotilbutioii,'' Annuli 
iff M'nihmaiKiil SlaUsticOf VoL 15, I0i4, pp. 345 

•» OPi €<t,. pp, llfi ff. 

w a. Tiutn«T5 “An AppUdivtlon of t-bo VttrlAlo Dlfletoneo Mothod to MuUlplo lod, ct<i 
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Example 10 

The author®^ has also applied the mctihod of weighted regression in 
an attempt to find a demand and a supply function for agricultural 
products in the United States. 

Denote by Xi prices received by farmers for agricultural products; 
by X 2 national income, by agricultural production, by X 4 lime 
(origin between 1931 and 1932) and by X^ prices paid by farmers. Tho 
data wore given annually for the 24 years 1920-43, 

An analysis of the data by weighted rogression necessitates the oaLi- 
matioii of the error variances, These have again boon cstablislicd by the 
Variate DifTeroneo Method. 

An investigation of tho problem with the help of the method ex¬ 
plained above shows that there are probably two relationships between 
tlie 5 variables, Otlier tests show that thei’o is probably one I'olation- 
Bhip between the variables Xi, X 2 , X 3 and Xi and one botwcon the 
variables Xi, Xa, X 4 and Xg. The first is evidently the demand function 
and the second the supply function. It sliould be noted that the inclu¬ 
sion of X 2 (national income) in tho first set and of X 5 (prices paid by 
farmers) in tho second sot serves to make the relationships economically 
meaningful. In this way wo identify the first weighted regression equa¬ 
tion Qs tho demand function and tho second as the supply function. 

Denoting deviations from the means by mi wo have for the demand 
function: 

(46) t?i 3 = “ 0.097wi -f- 0.4297W2 0.313wi4j 

and the supply function: 

(46) m 3 - 1.721mi + O.SOlmi - 3.G11 ?Mb- 

It appears from statistical tests that the results for the equation (45) 
are more I’eliablo tlian for (46), as wo should expect. Agricultural supply 
depends largely on the weather and other factors not included in the 
analysis. 

We can compute ela.sticitiGS from these equations which are based 
upon the moans of the variables over tho period. The price elasticity 
of demand established from the first equation is —0.123. This ia to 
say, other tilings equal an increase of 1 per cent in the prices of agzf cul¬ 
tural products results in a decrease of about 0,1 per cguI in the quantity 
demanded, The income elasticity of demand is 0.307. Fiducial or con¬ 
fidence limits can also bo establishedJor tlieso claBticitieB. They appear 
for the price elasticity of demand as —0,062 and —0.105 at tho 5 per 


" G, TjnLnor: "MuKIplQ RcuroBsioii for of EqunllonH,” loc^ c\L 
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cent level, A test of Bignificance allows tlmt it is highly probable that the 
income elasticity of demand is definitely greater than the price elastic¬ 
ity, The importance of these tentative results for economic policy are 
obvious. 

Example 11 

We propose to illustrate the motlKul of wcigliicd rcKrcssion further 
by nn example. We will eiickntvor U) hi u i»n)tKiction function for llio 
whole American economy in the pcrh^l 192l-il)4i, using yearly data 
for these 21 years. This is mainly an effort to continue tlio work of Mr. 
Paul Douglafl and hia collaboratm-H,^^ 

Xi denotes the logaritlini of Inlior in the U, S. boLli industrial and 
agricullunil labor in milium workers. is the logaritlnn of total stock 
of fixed capital in the economy iiieasurcd in billions of 1034 §. ATa ia tJio 
logarithm of total private not output also in billions of 1034 §, Xi is 
time measured from 1031 an origin. Xi ia taken from fitatiatical data 
published by the Doparlmont of Agriciiliuro and iho Bureau of Labor 
StatisticB. Tile other data have been taken with kind permission from 
an unpubliHhed essay by Mr. L. 11. 

The menna of the data are given in Ta)>le 5 below: 


table 5 


VR^lnblo Symbol 

I Off labor Xi 

lag niqcl cnpUnl A'l 

log produedon Xt 


Mdan 

l.QtU 72 a 

2,061152 

1.708702 


Wo have indicated above that various methods are available for 
estimatiriK the variances of tlic randon elements V{, Wo can iitUiao 
tho Variate Ijifleronco ]\lethod for this puroii.so if the following condi¬ 
tions are fulfilled: Each variable conBists of the malhcinatical expecta¬ 
tion or Ryaiomatio part Mu which is a smooth function of timOj plus 
tlio random or error part yus Then wc can eliminate or at least greatly 
reduce the systematic component by taking diffcrcnccfl. If differcjice 
Bcrics of a Iiigli enough order are computed we will eventually have 
eliminated the systomutic part entirely or at least sufficiently. Hence 
Ihis dilTercnco Borics and all liighcr clifTerciico series will consist of the 
random part aloiio, or at least flubstantially of tho random component 
I/O- 

In order to form an idea in which difTorenco scries this is tiio ease wo 
compute by approprialo formulae the varianccy of tho successive cHf- 
feronco sericB. 


P. n. DouaUa: Thearv of Wagu, Now York. 1034. Boo oIbo 11. T. DftviiiJ Theoru of RconQnietrics^ 
Ind., 1041, pp. 163 if. And Ura aicrAlura on p. 150. 

^ I/. IV. KlQln; l?conomic ffiiciiialvona Vn (fio (7- jS., 
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Wc need estimates of the error variances of Xi, X 2 , X^. The followng 
table gives the variances of various difference series of the variables: 


-W T W...W 

TABLE 6 

VARIANCES OF DIFFERENCE BETlIES 


Ordor 

o[ 

Xi log Inbor 

Xi log capUcil 

Xi log product 

DKIorancQ 

1 

0,00020407 

0.00001807 

0.00082478 

2 

0.00032103 

D.00000260 

0.00025463 

3 

0.00010136 

0.00000112 

0.0002048B 

4 

0.00000250 

0.00000080 

0.00018100 

5 

0,00007767 

0.00000086 

0,00010422 


Tests®^ indicate that the second difTcreiicc of Xi, the third difference of 
X 2 and the second difference of Za give under our assumptions reasona¬ 
bly accurate estimates of the error variances of the variables in 

question. The error variances are for the reader's convenience repre¬ 
sented in the following table: 


Vflriftblo 
loB Idbor 
log oApItnl 
loB product 


TABLE 7 


Kniion vahiances 

Symbol 

Xm 

X 9 


Error Variftneo 
0.00012L03 
O.C000001I2 
0,00020^53 


These error variancGB are aBsumed to bo estimated with enough ac¬ 
curacy BO that we can treat them aa constants. This assumption is prob¬ 
ably not fully justified in our case. 

The roaulting weighted rogimsioii equation will only leprosent tho 
production function if, apart from an exponential trend, this production 
function was stable or at least reasonably stable over tho period con¬ 
sidered, while there were fluctuations in the other relationship involved 
in production, especially the supply of productive services, the demand 
for the product. This assumption seems to be approximately justified 
because of the fluctuations of those quantities during tho business cycle. 
We want to lit the weighted regression functions: 

(47) kiTUi + k2Vi2 4“ fcaWs + kiiUi = 0 

taking into account the fundamental assumptions of our method. Tho 
linear equations for tho coeflicients are derived from the variance-co¬ 
variance matrix of ilio variables: 

TAni.E 8 

vatuance covariance matrix 


Xi 

Xi 

Xi 

x» 

0.00003135 

0.00000046 

0.00I87D86 

0,00615600 


0.00030006 

0.00046005 

0.00007500 



0.00602860 

0,26020000 




88.60000000 


w 0. Tintnor; Tfu Varu^e Difference Method, op, cU., pp. 87 B 
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Tho delerminarital eciuation (29) beccimcH; 

0.0000313 6-0.00012103X O.OQOtXKMO O.onc^rOaS O,0fli1I6C0O 

0.00000046 O.OO03O9O 5-0-00000112K O.OOOirjOOS 0.0(1007600 

0.00187085 o.oainoofi 0.0050:1860-O.OOOUIVI63X 0.260200O 

0.00616600 0.00007600 0.2^1020000 38.60000000 

The two smallest roots of this equation uro; Xi==0..')'182 unci N 3 = 22.:i04. 
The lirnt can hcj iiseil to form the lost funcilion: Ai = 2f) (0.,')482) 
= ] 0.9040. Tills is for Ifli'KO Hnniples clislrihiiled like x* with 17 (Ic^greos of 
freedom. The x’ pcrinitled at tho 5 per cent level is 27.587 and at the 1 
per cent level; 33.409. Hence Ai is not sigiiiru-ant. 

Next wo compute Aa = 20(0..5482+22.304) =4.58.044. This is again 
distributed like x® with .80 degi'ccft of freedom. For the 5 per cent level of 
eignificanco we got a pennissihlo x* of 60.714 and for the 1 per cent level 
67.804. Oui‘ empirical A’ Is Bignificant. Ilcnco wo conclude that it i.s un¬ 
likely that there is more than one linear relationship hctweoii tlic 4 
variabloa Xi, Xj, Xj and Xi In tho population coiTc.sponding to our 
sample. tYo do not seem to have multicollincarity, 

InBovling tlio smallest root Xi=0.5482 into the dctorminantal equa¬ 
tion (48) wo get n matrix for the cominitation of tho regresRion coofn- 
cients of our weighted regression: 

Tlic cciimtions to lie .solved are in our ctuse: 

O,OOO806OO7ci' + O.OOOOOOlBfci' + 0.00515500fc*' = 0.00187086 
(40) 0.00000046fti' + 0.0003084W + O.0GO07500/ci" = 0.00046005 
0.0051G500Ai' -h 0.06007600Aj' -f SS.SOOOOOOit' = 0.25020000 
The solution is given in the following weighted rcgrc.ssion equation: 

(60) m3 = 2.128800mi d- 0.338C05jnj -1- O.OOBGSOWi. 

This production function gives estimates of tho elasticities of produc¬ 
tion with respect to labor and fixed capital and also a time trend as they 
presumably exist in a hypothetical population. For instance, other 
things equal, an increase of 1 per cent in the total fixed capital will in¬ 
crease tho total product by more than ^ percent. An inerca.se in the total 
labor force by 1 por cent will increase the product by more than 2 jjcr 
cent. The last term represents an exponential trend. It has to he inter¬ 
preted in this way: Production increaRcd about 3 por cent each year 
during tlio period. This last estimate agrees with earlier oslimates of 
Carl Snyder" and others. 

IT C. Bnydor: Captloli'im ihc Crfoior, New York, 1040, 
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Tho weighted regression equation (50) given above sliould be com¬ 
pared with tho regression cq^uation which has been derived by classical 
methods; 

(61) - 1.970986a;i + 0.332328a:2 + 0 . 005710 xa . 

This, howover, is designed to predict most successlully if xl, Xz and 
Xi arc given. 

Using tho goomctric means whose logarithms appear in Table 6, we 
can also compute the marginal productivities of capital and labor. 
From the weighted regression coefficients wo get for tho marginal 
productivity per worker 82,270.63 and for the marginal productivity 
of the stock of fixed capital der pollar: $0,292. This is to say: If condi¬ 
tions are on the average tlie same as in tho period considered, we con¬ 
clude that other things equal tho addition of one worker will result 
in an increase in tho national product by about $2,000, The addition 
of one more dollar to the stock of fixed capital will bring about, ceteris 
paribus, an increase in the net national product of almost $.30. Both 
IhcBO estimates appear somewhat high, but maybo not excessively so in 
the light of some previous investigations in the field of agricultural 
production functions.®® These results arc, however, not strictly com- 
parnlde to our production function which has been derived for the whole 
economy, 

Al! these results should be interpreted in the light of tlicir statistical 
variability ns described by their approximate standard errors. The ma¬ 
trix inverse to tlie one used in computing our weighted regression equa¬ 
tion (5) is given in the following table: 

TABLE 0 

INVEllBE MATRIX 



Xi 

Xi 

X* 

Xi 

1,167.303 

41.73d 

-0.221 

Xi 


4,700.366 

-7,113 

Xi 



0.038 


Using these data and the previous results we compute the approxi¬ 
mate standard errors of the weighted regression Coefficients. The stand¬ 
ard error of tho coeffleiGnt of lui in the weighted regression equation 
(2.12880G) turns out to be 0.174; the one of the coefficient of m 2 
(0.338606) appears as 0.361; and the one of tlio coefficient of tHa 
(0d)()5G8()) is 0.00090D4. Using the £-test, we sec that the corresponding 
values of t are: 12.235, 0,9G5 and 5.714. The t required for 17 degrees of 

** G, Tinlntjr rind O. II. Ilrownlpti: '‘IVodualiou Fuiiollons Dari veil from Fftrrn Ilocordn.'’Journal of 
Farm AVonotni'ci, Vol. 25, IDdd. pp. CQO fV, 
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freedom at the 6 per cent level of fiij^nificnncc is 2.J 11 and the one for 
the 1 per cent level is 2.808, It turns out that the cocfncir-jiis of 7ni and 
m.i are highly significant, but not the one of i/ij, lienee it u’oulil appear 
that we can perhaps with some accuracy (Ictermine the elasticity of 
production with respect to labor, Imt not the one with respect to the 
stock of fixed business capital. A possible explanation of iliis is, that 
the effects of an incrcu.se in fixed capital may not appear in the same 
year but in subsequent years. The time trend enu also be cIi'lermiiiLMl 
with reasonable accuracy. All these results are only of an approximate 
nature. 

Finally we wont to give fiducial or confidence liinilH for nur esliinale 
of the elasticity of procluclion with respect to labor. Using a confidennc 
coefficient of SO per cent, we get for the limits of the ela.sticity: 2.G33 
and 1.625, This has to be interpreted in the following way: Tlic cliuncos 
are 00 in 100 that an incroaso in tlic total labor force l>y 1 per coni will 
increase tho product by not more than about 2.0 per cent and not less 
than about 1.6 per cent. These arc pretty wide limil.s and omjjhaslzc 
tho tentative nature of our conclusions. 

TJio earno typo of analysis can also be npplied to the marginal 
productivity of labor. Using a confidence coefficient of 09 ])er eoiiL wo 
get for these limits: 2,819,5‘1 and 1,740.13. Ceteris paribus, under con¬ 
ditions approximately tho same as the onen prevailing in the period 
considered, we can make this statement: The chances are 00 in 100 that 
an iirci’oaso of llio labor force by one worker will result in an increase of 
the total national product by not more than nbout $2800 and not less 
than about §1700. Tlie latter figure ia probably nearer to the true value. 

Wo want to stress finally that the rcsuils f(}r the production function 
of tho whole United Slatc.s should not ho taken loo seriously. Our data 
are perhaps not quite adequate for the determination of such a func¬ 
tion. Tho economic meaning of a production function reproHonting all 
enterprises is also somewhat doubtful. It wovrUl be more desirable to try 
to fit production functions of tho Douglas typo to specific industries. We 
believe, however, that tlie metliods indicated above should be tried 
in the statistical analysis of such a problem. 



REPRODUCTION RATES ADJUSTED FOR AGE, 
PARITY, FECUNDITY, AND MARRIAGE 

P. K, WlIETiPTON 

Sicripps Foundation for Research in Population Problems 

The rcprodiiotion rates computed in the past have boon 
ngc-adjuafecd, i.o. baaed on age specific birth rates. Dccauso 
order of birth and parity of moth or were ignored, IhcBC rates 
have had an upivord bias in some years and a downward bias 
in others. The omiasion of nn allowance for marriaBo and fe¬ 
cundity hna had a similar oftceb. The reasons for ihoao biaaQS 
are analyzed; a method for utilizing nge-pnrity specific rates 
and allowing for apinaberhood and Bterilily is described; and 
the different types of rates are ahown for solectcd years. 

T he gross or net reproduction rates and intrinsic rates of natural 
incroosG computed in the past have been adjusted for age. They 
show what would occur if the age specific birth and death rates of 
females in the various age cohorts of an actual population during the 
l)ase ])eriod were to apply to a hypothetical cohort of females during 
its lifetime.^ These age-adjusted rates have been extremely useful to 
demographers, and have been considered higlilj'* accurate measures of 
t]ie fortilily of the base period. As far as the writer can ascertain, how¬ 
ever, no one has analyzed adequately the validity of certain phases of 
the methodology. Is it theoretically possible for the age specific birtli 
rates of any actual population during any base period to remain in effect 
throughout the life time of a liypothctical cohort? When applying the 
birth rate of the women of a given age in an actual population to the 
women of that age in the hypothetical cohort, is it correct to ignore the 
previous birth rates of the actual women? What is the effect of disre¬ 
garding the iucidenee of sterility and spinsterhood? In short, should re¬ 
production rates be based on birth rates Avliich are specific for parity, 
marriage, and fecundity, as well aa age? And if so, how much would 
they be changed? These arc the questions which will be discussed here. 

1. CAN A IlYPOTHETICAIi COHORT HAVE THE AGE SPECIFIC 
niRTIl RATES OF AN ACTUAL POPULATION? 

Heretofore the computation of a gross or net reproduction rate or an 
intrinsic rale of natural inerca^se has required tho use of age specific 
birth rates. Convention ally, the average annual numbers of live birllis 
to white (or colored) women during the base period are classified by 

1 In ft fow ciiKcB roprodtiction rnlcR licivo boon ooinpulctl for mnloH nnil LIio lolnl papuliilion. Sqgi 
for o^ftmplo, Mycra, Robert. J.i Tho Vulitlily und BiRnlficnnco of Mftlo Not UoproduoLlon Ralofl. 
J oiirnnl of tho American Sfatisticat A«flocia/ion, Vol. 30, Nq. 214, Juno 1041, pp. 276-2 B2, 
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D-yoar age groups (1&-19, 20-24, etc.) of inotlier as of lime of lurtli, 
correotetl for unclcrrcgi.stralion, anrl divided by Ihe mimbers of while 
(or colored) women in the corra'^pojidiiig ago groiip.s at the middle of the 
base period. It is assomwl that a liyiioLlietieal eoliorl of white (or 
colored) women living through Ihe cliildheuring p(‘riod will have (1) 
at ages 16 through 19 five lime,s the average annual birth rate which 
wliitc (or colored) women aged 16-19 had in the base period, (2) at 
ages 20 through 24 five tiiiu'.s tlio average annual birth rate which 
white (or colored) women aged 20-24 had in Llu! ba.HC pisriotl, etc. The 
total mimbor of Idrlhs to the hypoDictical cohort is computed, and 
multiplied by the purcenlago of infanls that arc girls to obtain the 
number of female births.* 

The hirtha by age of mother used in computing the ago Bpoeific birth 
rates just described include births of several orders. In 1942, for ex¬ 
ample, births of the first to sixth onlers were registered lus occurring 
to women aged 15-19, and births of the first to 22nd orders to women 
aged 40-44, Up to tho present, however, there appanmtly has been no 
refoi'cncc to order of birth in the methodology of computing a grass or 
net reproduction rate or an intrinsic rale of nalurnl increase. One ex¬ 
planation of the omiasion could be that within each age grouj) tins rate 
for fimt births, the rate for second births, and the rale births of each 
other order arc assumed implicitly to apply to the hypolhetical coliort, 
just oa the sum of Uicse rates (tho ago specific rate based on hirlhs 
mgardloas of order) is ossumed to apply to it. Another explanation 
could be tliat within an ago group compensating changes arc assumed 
to occur in rates by birth onlev. For example, it could ho assumed that 
at ages 20-24 tho first birth rate.s of tlie liypothetical cohort wouUl he 
10 por cent lower than thase of the acliml cohorts, but the rales for other 
birth ordem would bo sufficienUy higher so that tho total number of 
births at these agc.s Avould not bo affected. But because tho inolhodology 
omphoaizos the as.siimption tliat the ago specific rates (for all birth 
ordois combined) of an actual population apply unchanged to a tlico- 
retical cohort—not thot there bo cumpunsaling changes—it ia logical to 
believe that the Gist as.sumption mentioned has been made implicitly, 
namely that tho age specific rates hy order of birth of an actual popula¬ 
tion apply to a hypothetical cohort living through the chililbearing 
period. 

Is tins implicit assumplion Uitiorctically possible for any given 

I ipQoino bIrLii rnloa by b1iij|1o yoitYn of np(o Innlorut of rnlos by A-yrnr ngQ Kroupn liUiUlpllcd 

by flvo (loQfffTot clianKoefi^iiiinoaiHly LfiogroMor not roprnttuc^irrtn rolo, nor llio IntriUBfo rule of nntnrnl 
Incronao, unloea the dlalrlbnllon of womon nnd/or of blrllia by nijc of motber witliln flio J5-ycr\r aro 
Rroupii Ib voty nbnormnl, Blmllnrly, xmlnic ako epoolflo pBrcaiUnROA of Infnnti thal bto Eirh tiM Utllo 
ftolontho Pnnlr^iuUi. 
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year? The answer may be obtained from an inspection of the rates for 
first births, second births, and births of other orders per 1,000 native ^ 
white women by 5-year age groups for each year from lOlO to 1044 in 
the United States. Adding the age specific rates for all births regardless 
of order and multiplying by five are essential steps in computing the 
gross reproduction rate, and give the number of births of all orders per 
1,000 women living through the childbearing period in the hypothetical 
cohort.^ The aamo proccduro applied to fii’st birth rates givoa tho fiz’st 
births per 1,000 women living to ago 60 in the hypothetical cohort. If 
the cohort had the 1940 age specific first birtli rates, 1,000 women 
would have 820 first births, (See Tabic 1.) With the 1944 rates there 
would be 868 first births per 1,000 women, and with the 1941 rates 
916 first births. Such fertility is possible in theory or practice. But for 
1,000 women to have 1,084 first births, the result obtained for 1942, is 
impossible botli pi-actically and theoretically, even for a hypothetical 
cohort.^ And for 1,000 women to have 997 first births (the result ob¬ 
tained for 1943), is equally impossible in view of what is known about 
the incidence of sterility. Second and higher order births present no 
such problem in the years for which data are available, because the age 
specific rates for these birth orders are substantially smaller in the 
aggregate than ilioso for first births, 

TAliLE t 

FIRST DIRTIIS PER 1.000 NATIVE WHITE WOMEN BY 6*YEAR AQE PERIODS, 
UNITED STATES, 1040 TO 1044 


Control Firat Birlli Rnloa'^ 
Aro - 


Period 

1040 

1041 

1042 

1043 

1044 

16-101 

36.00 

37.88 

42.41 

42,47 

30.70 

20-24 

06,88 

75.01 

00.40 




40.87 

45.00 

66,38 

48.24 

30.31 

30-34 

10.41 

18.03 

21.17 

10.83 

17,10 

35-30 

4.B2 

6.34 

0,37 

0.74 

0.08 

40-44 

.81 

.88 

.05 

1.00 

1.23 

46-40t 

.00 

.06 

.05 

.00 

.00 

Tolnl 

103,04 

193.18 

21G,B2 

109.46 

173.08 

TolnlXe 

810.70 

016.00 

1,084.10 

007.40 

808.40 


* TIicgq rnlcfi ara (kclJiisLcd for incomplolo rcRiHlrnlion in nacordanca wiLh dnla of Lho Division of 
VlUi SlftliHiicflbnHcdon llio lest period December 1,1030 lo April 1, 1040. 

\ Includes ibo few birlliH to women yoimRcr Uinii 16, 

\ InobidcH ibo fow bivOm to women 46 or older. 

I In oompullTiK n Ktosa rcproduolion rale It m afiflumed Lhnlif the women who din beforo llioond of 
tliQ olilldbcnrinR period Inid lived Lhoy would huvo tliQ name ORO apoclfie birth rnle» ns Llioao who live 
lo iheondof llm period. 

^ In Lhia coniioellop (1 ehould bo remon^berod llml muUipIe tivo births nro rccor<icd n-nd lr\buJn(c.d 
na birlhn of two or more orders. Thus If Lwlna Are borno at n Hrat presnunoy, order ol birth Is noted ab 
tireton the birth Qerliflrato for one baby and naaecondonthnlfor Llio other. 






50d 


AMKItlCAN ftTATISTJCAI. ASSOCIATION 


'riie conclusion may he Hinted in Rcneral tcriim iw follows: If ihc 
various cohorts coinposiji{' un iicliial popnlalioii liivvo u Huflieicnlly 
largo number of first birllis in ii cerluiii yi'iir (or years), it is invalid to 
assume in computing reprcKluelion rates* that a liypiitlielieul cohort 
will have during its roproduelive lifi* liiiu' (lie ago specific rales for 
(lint birtliH of the vaviouH cohorts during that year (or years). Fiirlhcr- 
more, the fact Uiivl flic foregoing assuiii|ili(in yields imposKil ih* lesulls 
for certain ycaiH ca.st.s doiihts iin the aeemucy of the resiiUs for otluT 
yearn. Fortunately I he .situation eiin he iiiipruved in uiie of three ways, 
(a) The .second assiuiiplion listed above cun be made, namely, (bat. the 
age specific rate-s for first hirllis will he sninller for the hypolhelieal 
cohort than for the iiclual population, hut Ihe.scdee.line.H will be exaeUy 
hnlanccd oh far an mimbem of liiiilis are ctmeerned by larger uge specific 
rates for birllm of higher orders. Olivioiisly Ihis is ohjec.tioiiable for 
several reasons, (h) The haso period can be lenglhened in the hope lliat 
the pociiliariti(!.s of individual yeai's will cnneel out. This is undesirable, 
beoau.se it Is important to ineiuiure year to year cluinge.s as well as the 
average siliiation during several years, (c) Jlirlh rates can be coinpuled 
for the actual poinihitiou which can he applied eorrecfly lo a hypo- 
llictical oohorl. TJiis snggeslion Hcems most promising, hence il will 
be analyzed in detail. 

The first rovimon in jn'occdure that is nccdetl in order to iinprovi* llie. 
accuracy of reproduction ralcK for any year Is 1 he inclusion of an adjust¬ 
ment for order of birth of child and parity of women.* From ii 
theoretical atandpoint the. use of hirlh ratc.s which an^ spi'cific for birth 
order and parity as well as age is a decided imjiroveinenl, and Hbould 
havo hnon advocated long ago by dmiiogt'aphei's. Tlic delay prolwibly is 
duo ill part lo a tendency lo accept as adequate in fertility analy.sia the 
profiethu'o.s developed and u.sod earlier in morlalily analysis. Unfor¬ 
tunately tliren fundamental differences have hoon overlooked in this 
carry-over,’ Fimt, although a cat proverbially has nine lives, each 
woman (no matter how "catty” she, may be) has only one; she must 
die, but she can die only once. In contrast, llic fecundity and fertility 
of women vary widol 3 ^ Some ennnot have a child; many have two or 
three; a very few have 20 or more. Buenusc of lliis difference, ago specific 
birth rntcH are much le.ss adequate in preparing a reproduction table 
than are ago .specific death rates in preparing a life table. To raise; the 

I Tor tlio inka o/ brovily llio plirn«o ^reproducHon rnlcif" will Ijo liprrnflrr In rnferrliiK lo llio 
throe n\lcR-^ftroftfl reproduce Ion rnto^^ nel roprodurljon rnlcn, nntl Inlrlnrtic rnU'N of imlurnl ihprcuio— 
ne a Krnup. 

‘ PjtHey nn utiail In Ibln pnpor inonnit t1i« nuiiibpt of clilMren Imni nllvo. A *oro pnrlly \vi>mun liriR 
noL boriio ft ohlld nllvo, n flrwl Ditrily woman Iim hnd onolivo Idrih, olc. 

’ The oLhor two ilHTorciicoa rolnlo in alerilily ond npinnlcrliood, ntul nro ilUoiiafled in ncollonu 3 
end 4, 
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former to tlie level of the latter requires (among other things) recog¬ 
nition of the relation between parity of woman and birth order of child, 
rirat births can occur only to zero parity ivomen, second births can 
occur only to first parity women, etc. In short, only the women of 
n parity can be exposed to the risk of bearing a child of n+1 order. 

From a practical standpoint the use of age specific birth rates by 
order of birth and parity of women® for the United States was impos¬ 
sible a few years ago because there wore so few statistics regarding tlio 
distribution, of women by parity. Fortunately, the parity question was 
reinstated in the 1940 census, and tabulations by parity were made 
on n sample basis for this census and that of 1910. Tables are now avail¬ 
able which show the number of women classified by color, nativity, age, 
and number of cl}ildren ever born for the United States and certain 
subdivisions. 

If the age-parity specific birth rates of an actual population are ap¬ 
plied to a hypothetical cohort, it is impossible for n gross reproduction 
rate to show that 1,000 women have more than 1,000 first births. The 
explanation is simple. First births at each ago of mother in tlie base 
year are related to zero parity women of that ago, and the resulting 
rates arc applied to the zero parity women in the hypothetical cohort. 
At the beginning of the childbearing period all of the women in the 
cohort are of zero parity. As thosG zero parity women have a first 
birth at any subsequent ago they are ti'ansferred to the first parity 
group, If the age specific zero parity first birth rates arc sufficiently 
higli, all the women in a hypothetical cohort are transferred from 
zero to first parity before reaching the oldest childbearing age, in 
which case ilie upper limit of 1,000 first births per 1,000 women in the 
cohort is readied, but not passed. In no year for whicli data are avail¬ 
able, however, has this limit been approached closely. Even with tlie 
age specific zero parity birth rates of 1042, the highest on record, 1,000 
women living to age 50 would have only 875 first birtlis. Similar reason¬ 
ing shows that the number of second births in the hypothetical cohort 
cannot exceed the numbo]' of firat parity women, or the number of 
third births exceed the number of second parity women, etc., when the 
base rates are age-parity specific. Actually, the theoretical upper limits 
are not approached closely. 

2. ALLOWING FOR THE RELATION BETWEEN THE FERTILITY OP A 

COHORT AT A GIVEN AGE AND ITS FEUTILITY AT YOUNGER AGES 

The use of age-parity specific birth rates in computing reproduction 
rates avoids impossible assumptions for years like 1942 because it pro- 


* Such rnlcB will bo roforrod io horojirLor ao aEo-rnrlly npocl [\o rates. 
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vicloB for tlic relation bntwoen (a) l^rlli pcTformnneo al a givon ago 
and (b) bh-lh performance at younger ngea. A« waa pointed out above, 
transferring women from zero parity lo first parity v.-lien Ibey hiwo a 
fiiflt birth and using Inrth rates by parity make it itni)OS-Hiblc to assign 
more than one first birth to any woman. This in ch'sirnMo for o))Vious 
rcasona. Loss obvious, but imporlnnt luiverlhelcs.H, is llu“ fact llmt hc- 
cnu.se agC'parity specific l)irlh rates for n giv('n year gm*. prop('r weight 
to the fertility in prior years of oacli ago e.oliort in Hit; aetiml iiopula- 
tiou, they mea.sur« mon* accairntely Hum age .specifie, rtiles the birth 
performance of tlie population in Hit; year in (jneHlion, For example, 
during the dcprcs.aion yenra of the 1930’s there was a tendency for 
marriage and the starting of a family to lu; delayed, wliicli raiHcd tho 
proportion of women who were cliildlewi to iv relatively high figure, 
eapecially at tlio younger childliearing nge.H. In conlrtwt, pro.spc;rity and 
war luvs encouraged marriage, and the starling of a family hetween 
1940 and 1045, and reduced to a relftlivoly low figure Ihe proportion of 
tho younger women who arc childless. If a etimpnrison of the forlility of 
tho younger childle.s.s women in 1040 and 1045 is based on (a) ago 
specific fimt birth rates and (b) age-parity speoific first birth rates, tlic 
rcJntii'O position of 1046 is more favorable on Hie hitler basi-i Hmn on 
tho former. In lliia case, of couise, the coniiinriHon more favorable to 
1946 is correot liecause it reflects tlio diffcrenecH in the rcliiLivo num¬ 
ber of zero parity AVomen In tho two base yeara. For tho same reason 
a comparison between tho reproduction rates for 1040 and 1046 is 
moi’o accurate if computed from age-parity specific birth rates than 
from age specific rates. It is possihle in theory for blui bios mentioned 
to bo equalized exactly by biases in the opposite direction for'othcr 
ages or oElier birth ordem. That exact equalization will happen in 
practice, however, is unlikely. 

Basing reproduction rates on age-parity specific birtli rates has tlio 
additional advantage of alloAVing for the fact that tho computed birth 
performance prior to a given age of Avomen in a hypothetical cohort will 
differ in most cases from tho actual birth performance prior to tho same 
ago of the women in the actual population Avhosc rales arc being ap¬ 
plied to the coliort. This is important because, an explained nlmve, 
fertility at a given age is aficeted by fertility ut younger ages. For 
example, seventh or Iiiglicr order births cunslitulcd more than half 
of the births in 1010 to native while women aged 40 -44, and almost all 
of them occurred to mothers Avho had liorne at least six children before 
1940.“ In computing a conventional 1040 reproduotion rale it is as¬ 
sumed that tho Avomon in tho hypothetical cohort Avill have at ages 

* The fow oxQopLionB nro ihd women who hud muUlple blrllu or two coiinn(imcnUi or both, in 10-10. 
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40-44 tliG 1940 age specific birth rates at these nges. But whereas the 
proportion of the women aged 40-44 that had borne six or more 
children was 13 per cent for the actual 1940 population it would be 
only 0 per cent for the hypothetical cohort. In consequence the num¬ 
ber of seventh or higher order births to 1,000 women in the hypo¬ 
thetical cohort at ages 40-44 is substantially lower, and correspond¬ 
ingly more accurate, when computed from age-parity specific rates 
than when computed from nge specific rates. It might bo thought that 
the smaller number of seventh or higher order births yielded by parity 
specific rates at ages 40-44 would bo offset by a larger number of first 
to sixth births, because of the larger proportion of zero to five parity 
women in the hypothetical cohort than in the 1940 population. Such 
is not the case. Instead, the total number of births per 1,000 women 
aged 40-44 is 14.9 for the actual population but only 10.7 for the hypo¬ 
thetical cohort. Obviously the reproduction rates based on age specific 
birth rates are biased accordingly. As before, such biases could happen 
to be exactly compensating, but the odds are heavily against it. 

8, ALLOWING POU THU EFFECT OP BTETllLITY 

The basic age specific birth rates used in computing conventional 
reproduction rates are obtained by relating births to the fecund plus 
the sterile persons in the total population (or in the race, nativity, sex, 
or other group in question) rather than to the fecund persons only,^° 
Failure to exclude sterile persons may bo due in part to the tendency 
suggested earlier to carry over to fertility analysis the procedures 
used previously in mortality analysis. Relating birtlia, like deaths to 
all persons is objectionable in theory, however, because it ignores the 
fact tliat wlierea.g each pci-son must die sooner or Jator, some persons 
in the so-called reproductive age groups cannot become parents. Speak¬ 
ing in terms of women, no women of any nge can avoid exposure to the 
risk of dying at that age. In contrast, some women of an ago within 
the childbearing period cannot, for pliysiological reasons, be exposed 
to the risk of having a child at that age. Deaths of women of a given 
age should be related to all women of that age, for all of them arc at 
Halt, Similarly, n order births at a given age should be related to the 
women who can have such a birth, namely, the fecund n — l parity 
women of that age, and not these women plus the n — l parity women 
of the same age who are sterile. In cliacussing this problem a distinction 

Fooundnndnlorllonro lined Intiaconlftnco v/iih lha doflnUlQiin ndopledby Uio Population A sen dIr- 
tlon of Americaj namuly: n (ocimd person ban llio phys'ioloRical ability to parlicipalo in roprudueClon 
at tlio or Cimo in quofitlon; a ntoriia person Ineks <h|q iiijiliCy, 

Tbin nnnlyiflB clcaln ivilb ono melbod of idlowiiig for HLorillly. IT uro fipociIlD rntca for lUo oimol of 
NiQri.lily wero nvatlablo, Uio annlyslB nnd conolualons would bo Bomowhat diflorDiit. 
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will be made between full time or coinplolc sterility—the lack of the 
ability to participate in rcprotluclioii at any lime—Jiml part lijiic or 
partial Btcrility—the lack of the ability at one lirne but iu»l at another. 
The reogona for this distinelion will become evident during the di-scuB- 
Bion, 

From a practical standpoint Ihoro are two e.xplanalionH for not allow¬ 
ing heretofore for Uio effect of complete Hterility in com])iibing re]>ro- 
duction ratca. The first is the lack of information about tlio number of 
aterilo pereon-s in the population, and will be considercfl later, 'i’lie 
second is tliot a rcproiluclion rate computed from age Kpi!cin(; ))irlh 
rates is not affected by an allowance for sterility. For example, the 
not reproduction rule for native white women in 1012 based on ago 
epecific birth ratca willi no allowance for stciility i,s IIQ, (See Talde 2, 

TAIII.E 3 


THE NET nEPUOUUCTION HATE FOU NATIVE WHITE WOMEN IN IBIS 
COMPUTED FllOM AOE SPEClPro lUIlTII lUTEB, WITH AND WITH¬ 
OUT AN ADJUSTMENT FOll BTEElElTY 


Eiitoi 

Agtn 

Number of 
womdii In 
liypQllioUonl 
ooliorC* 

A 

birtliB pur 
1,000 lA'omon 
in nciuBt 
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nuflumetl 
fecund) 

0 

Number of 
fucund woenert 

In hypoiheilcal 
colioit (A X(') 

1) 

]ilfUi9 Pnr 

1,000 fecund 
wuincn In 
nclunl 
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Itiflhi) to 
in 

liypnthctlenl 
c^iIhhi (d X/J) 
or (nx«) 

P 

IfhlO 

473,ObO 

62.00 

00 

420,60:) 

68.44 

24,030 

20-24 

470,300 

103.60 

OO 

423,783 

IHO.50 

70,610 

26-20 

400,300 

144.04 

00 

420,170 

10O.O4 

07,247 

30-34 

402,031 

01.51 

00 

416,HjS 

101.OB 

42,230 

30-30 

40S,0B3 

43.11 

00 

410,385 

103,200 

M.46 

21,037 

40-44 

448,UO 

14.43 

00 

JO.02 

0,402 

46^0 437,430 

Total 

Nctneproducllon Rule 

1.32 

00 

303,080 

1.47 

677 

230,040 

110 


vaIucb from a life Inblo for oompulcd by Qcrlppa Kounditilon for Ucjioiircli in Populfillon 
PrObUma. 

[ Sqq fooLnolca of Tnblo 1. Tbo fl^uroD In ihooo columTin nro probi^bUilkh rnllior Ihnn coolrnl rnlPHi 
for iboy arc oblnlnc^d by relallnf^ (n) lha oiunbcr of birlbn occurrlns durinn Uio bko Inlervul x la x-1-1 
U) (b) Oio numbor of vromon of ouol iir« x, 

\ Any porcdnCagB wbich dooa not glva & rntoof ovor 1,000 in Column B could bo uaod for illu^lrnlivo 
purpQBCb. 


Col. F.) If it ia assumed that 10 per cent of the women arc completely 
sterile, fecund women will constitute00 per cent of all women of onoh 
ago in tlio hypothetical cohort. {3eo Cols. A and D.) Bui for the sumo 
reason, fecund women will consLilulc 00 per cent of all women of one-h 
ago in the actual population, hence the age Hpccific bivtli rates for 
fooiind women in. tho actual population (Col. E) will be 111.1 per cent 
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of those for all women (Col. B). In consequence the number of births 
to the women in the hypothetical cohort (Col. AXCoh B, or Col. 
DXCol. E) is the same in cither case, as is the net reproduction rate. , 
Treating each single year of age separately does not affect the com¬ 
parison. 

If a reproduction rate is baaed on age-parity specific ratea, however, 
an allowance for complete sterility changes the results. This may be 
illustrated by using the fertility and mortality data for native white 
women in 1942 and assuming that cither none or 10 per cent of the 
women are completely sterile, as before, but computing the not re- 
procliiciion rates from age-parity specific birth rates. Because these 
rates must be used by single years of age a table including all birth 
orders at all ages would require a large amount of space. In conse¬ 
quence, the results are shown in detail only for first births at ages 
16 through 24. (See Table 3.) If no allowance is made for sterility, a 
hypothetical cohort of 100,000 women will have 67,774 first births by 
exact age 25, and 82,400 by age 50. But if it is assumed tliat 10 per 
cent of the women arc completely sterile, 100,000 women in tho hypo¬ 
thetical cohort will have 57,073 first births by exact age 25, and 79,200 
by age 60. Births of other orders will be reduced in similar degree, 

The reason why an allowance for complete sterility does not affect a 
reproduction rate based on age specific birth rates but does affect one 
based on age-parity specific rates may be explained briefly. In the former 
case it was pointed out that the relative allowance is exactly tho same 
at each age in the actual population and the hypothetical cohort, and 
is exactly offset by higher birth rates. In the latter case the relative 
allowance at each ago is exactly the same for all women in the actual 
population and in the hypothetical cohort but ?ioi for tho zero parity 
women, For example, the assumption that 10 per cent of the women ere 
completely sterile at each age results in a group of such women amount¬ 
ing at age 20 to 12.1 per cent of the zero parity women in the 1942 
population and to 12.6 per cent of the zero parity women in tlie 
hypothetical cohort. At older ages the percentages are less similar, 
being 19,4 and 25.3 respectively at age 25, and 42.2 and 62.7 at age 40- 
Sucli dilToronccs occur only udmn (a) the zero parity women of a given 
age in an actual population have had at younger ages (and prior to 
tlic base year) nge specific birth rates which differ from those of (b) 
tlio zero parity women of younger ages in the actual population during 
tlie given base year (whicli arc also those of the hypothetical cohort 
prior to tlio given ago). Since it is extremely improbable that tho rates 
in (a) and (b) will bo identical, or that tho differences will be exactly 
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TAllIX 3 

PART OP THE COMPOTA'ITON W TJIE NET HKniODCCTinN RATE 
FOR NATIVE WIIITB wr>MEN IN 1012 FROM AOE I'ARn Y 
BPECJFIC IIIIITH RA'l IrH 
With anti Wilhoutnn AcljuftlmcUt for Ktenlily ftj»J 


EkbcI 

Ago 

Number of 
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*\m Vfiluoa from Q life tnblo compulcU by Huripps FouitdixliotiforUofloivTcIi liiPopulation Problemil 
f Alntfd 10 Column IJ aqmtla Cuiurnti A, Aloaoli nuboequoiR nttu (bo liRuro/or ColumnR laoiXalnad 
by multiplying the numbor of alDglo and over mnrrlod njro purlly womon of the precocling or® by ihoJr 
roapoQllvo aujylval probablllUo®, pud iIoduDllnu lliq women In Column Q for the procotling ngo. 
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compBnsating, it is equally improbable that an allowance for complete 
aterility will not change a reproduction rate based on age-parity Bpecific 
birth rates. 

Among the women who are sterile during part of the childbearing 
period and fecund during the remainder of the period, the fecund 
period precedes the sterile period in almost all cases, hence the discus¬ 
sion of partial sterility will bo based on this group. For reasons ex¬ 
plained in connection with full time aterility, an allowance for part 
time sterility has no elTecl on a reproduction rate computed from ago 
specific birth rates. Whether it has an effect if the baso rates are age- 
parity specific depends on the type of allowance. Part time aterility 
undoubtedly increases with age because of the longer period during 
which there may be exposure to the factors causing fecund women to 
become sterile, e.g., gonorrheal infection and tumors of tlie geiieratiyc 
organs. It so happens, however, that if the onset of aterility depends 
entirely on age, an allowance for part time sterility has no elTect on 
reproduction rates computed from cither age specific or age-parity 
specific birth rates. Excluding the partially sterile women reduces each 
age and parity group in the same proportion in the actual population 
as in the hypothetical cohort, In consequence the increases in tlie age 
specific or age-parity specific birth rates computed for the actual popu¬ 
lation exactly offset the decreases in the number of fecund women in 
the hypothetical cohort. 

An allowance for a relation between bearing a child and becoming 
sterile would liavc no effect on reproduction rates based on ago specific 
birth rates, but would be ahno.st certain to affect reproduction rates 
based on age-parity specific birth rates. The reason is that (as was 
pointed out earlier) the parity distribution at a given age of the women 
in an actual population is almost certain to differ from that of the 
women in a hypothetical cohort exposed to the rates for the actual 
population in que.slion. The important question thus becomes: Is 
there a relation between bearing a child and becoming sterile, and if so 
what is it? Everyone knows that some of the women who become sterile 
during a given year of age do so only because of events associated 
with childbearing. It is less generally realized, but true nevertheless, 

\ In QompiitinR u tial roproduolion riKloitia aRAuinQtl Ibnl Lho womon who dlobcfoTO tho ondoF Hio 
ohildbonrFnfl’ porjod lijiyo wbjJo living LIid »so ApcciHo birlh rntes hb tboao wFio Jivo to tlio end 
of ll\o period. 

(An nllnwnnco !h nindo ihtoncl) uro For ibo Itiglior morlnlltyof women wlio bear n ohlld at tl)nL [igo 
Umn of other women, 

IF In lliinncollonor the Lnblo Column Ceaunln 10 per cant of Column A. 

** In thlB BQQdonoF tho (nblo Column Ccquafe 10 par coni of Column A, Titifi pcrcontegoiscbinlned 
by mu 111 plying tho nsBumed pcrconlaeo Fecund (00) by llio nasumod porcontaso Ihnt ctin nriorry (00) 
nndBVjblroDi Jng tboproduoL j-om iOO. 
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that tli6 onset of sterility in gome of tlic other women of that age 
might have been prevented by pregnancy and cliiUlbirtli, The i)rt‘aent 
difficulty is to eatiraate the extent to wliich cliilribcnring causes or pre¬ 
vents sterility. Until more inforiiuiUoii is avnilnblc on this mutter it ia 
not worthwhile to allow for partial stcrilily in coinputiug reproduction 
rntcB, 

With complete sterility, in contrast, tiu) choice, lies between dis¬ 
regarding its cfTccte, and osliiualiiig its incideiiee from the best ma¬ 
terial uvnilablc. There i.s no perfect biiHis at i)resf'nl, nor is IIutc, likely 
to bo one in the foreseeable future, for siibdivirling nil woim-n of the 
ohildbeoring ages into two groups, one always sterile und the other 
fecund part or all of the lime. It ia possible, however, to set an upper 
limit on tlio proportion completely sterile, ami (bus determine the 
range within winch the repro<luction rates odjusletl for this type of 
aterility should fall. Cenaua Inbulalions show Umt of the. imtivn white 
married women aged 46-40 for whom the nuinher of children ever 
born was reported, 15.7 per cent were of zero parity in 1940 and 10.0 
per cent in 1910. Allowing for the underreporting of cbiUlren ever born 
reduces the 1940 figure to 12.7 per cent," and probably would reduce 
the 1010 figure to less than 8.0 per cent. Obviously not all of these 
women wore childless because tlvoy Ihcinsclvc.s were sterile at all timo.H. 
Some were cbitdlc.ss because they wove married to sterile huslmnds, and 
othorSj because they and Ihoir husbands wore of low fecundity. In this 
analysis, however, aucli women will bo included with thwe completely 
sterile, booauso they have the same effect on reproduction rates. Finally 
some of tlio childlessness was duo to partial slcrility, some to broken 
marriages, and sojno to contraception. 

Part of the increase in the percentage childlc.sH from 1910 to 1040 
probably was duo to an increnso in complete slcrility. Studies of liunmn 
fertility indicate, however, that tho greater part wo-s due to tlio more 
widespread and effective use of coiilraccptlvG.a. For this reneon, it is 
unlikely that the proportion of native white married women aged 45- 
40 in 1040 who M'ero always sterile exceeded tho proportion reported 
childless in 1910, namely 10 per cent. 

Time will tell what proportion of the women under 45 in 1040 who 
marry by 45-40 will bo childless when they reach that ngo, In view of 
tho inorenso in ohildlcsHncaB between 1910 and 1940, liowcvor, it prob¬ 
ably will exceed 12.7 per cent, tlio adjusted 1040 figure. Hero again it 
is probablo that moat of tho increase will ho duo to the moio wide¬ 
spread and effective use of contraceptives oiul relatively little to tlio 
greater incldonco of complete sterility. It Bcems safe to conclude, 

H Unpublished aiudy by Ihe writer. 
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therefore, that 10 per cent is a maximum estimate for complete sterility 
among women under 60 in 1940 who will marry before reaching,that 
age. Little is known as to the incidence of complete sterility among 
women who do not marry before 60, The best that can bo done is to 
assume that there is no relation between complete sterility and mar¬ 
riage, hence that 10 per cent is the maximum estimate for these women 
also. 

i, ALEOWINO POJl THE EFEEOT OE BPinSTERHOOD 

If all cluldren were borne by ever married women and none by Binglo 
women the reasons for, and the effect of, allowing for spinsterhood 
would bo the same as for sterility. Under these conditions it would 
make no difference whether age specific birth rates baaed on all women 
in the actual population were applied to all women in the hypothetical 
cohort, or whether age specific birth rates for women who marry in the 
actual population were applied to women who marry in the hypo¬ 
thetical cohort, provided that the proportion of single women who 
marry was the same at each age in the hypothetical cohort as in the 
actual population.^* If the basic birth rates arc specific for parity as 
well as age, however, the situation is as different for spinaterhood as it 
ia for full time sterility, If all women marry and 10 per cent are com¬ 
pletely sterile, the highest conceivable age-parity specific rates could 
not give more than 900 first births to a hypothetical cohort of 1,000 
women living to ago 60. But if 10 per cent of the women remain 
a pins tors (and virgins) and 10 per cent of those who marry arc com¬ 
pletely sterile, the corresponding upper limit for first births ia reduced 
to 810, Within these upper limits the effect of allowing for spinster- 
hood depends on the extent to which the proportion of the women of 
each age in the actual population who are of zero parity differs from 
the corresponding proportion for the hypothetical cohort. Under 
mortality and fertility conditions of 1942, and assuming that 10 per 
cent of the women are completely sterile, a hypothetical cohort of 
100,000 women will have 57,073 first births by exact age 26 and 79,200 
by exact age 50. But if it is assumed also that 10 per cent of tlio women 
cannot marry, the hypothetical cohort will have only 66,225 first 
births by exact age 26 and 76,100 by exact age 60. (See Table 3.) The 
principle involved was cliaciissed in connection with the allowance for 
full time sterility and needs no further attention here. 

If spinsterhood and virginity wore synonymous the ideal way to 
allow for it in computing a reproduction rate would bo to (a) compute 

Mnrllnl alalua la oiialomnrily dlaroKardctl In oomtiullnfl roproduoLlon ralca, which ia ocmlvalont 
Lo HBgiimliiR lhi\b (i\) iho proportion over morrlad la tlio anmo ub enoli n£o In tlio hypobholioal cohort 
na In llio aolunl poptilnilon, or (b) dllToronoca In Lhoso proporblona nro oI no oonAcquonco. 
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the probability of marrying foraiuRbt women of each age in Die bnao 
population, (h) apply tliufie prolmbih'ticK to die fungb woinrn in the 
hypothetical cohorl, (c) relate first Ijirtln to ever nmrrieil (raLlier 
than total) fecund zero parity women liy nfi^' in the pnimlalion, 
and (d) apply the rc«ulling prolmbiliiuss to tim ever morru^J fecund 
zero parity women obfiuned in ‘‘b.” This ih iinpraeiieablo henauKii ado^ 
qiifttc information (W to the nuinbc?r of firnl iiiurriaRf'S by color and age 
of bride ia lacking for mast yearn. 

Under Urn eiremnstaneea llio best prricrdurn nemns lo bo to (a) 
fts-sume that all Mingle women who bear a cldid nmrry lu-foro rrmdiing 
the Olid of Lho cliildboaring perioil (or before dying), which proimlily 
ia very clasc to Llm tmth, niid (b) allow for HpiristerhotKl in llie name 
way tw for coniploto .sterility, luiiuely, by computing lurlh prolmbilitiea 
for, ami applying tliein to, the women wlio may lie oxpr?eted to marry 
before they become too old lo bear a cliild, ivliieli may well Im net at age 
60. CensuB reporU Bhow ilmt approximately 10 p(‘r cent of tlm native 
white women aged 45-54 have been Hingle iu each ccmihuh since 1800, Lho 
proportion varying from a high of 11.1 por cent in 1920 to a low of 
8.2 pnr cont in 1890. In view of lha narrow fluctuation of the proportion 
around 10 per cunt this figure Hcejns Uic be-st Lo apply to (‘aeh cohort. 

6- niiirnODUCnON ItATliS with and without ADJUHrAIKNTH 
FOU rAUriTj FECUNDITV, AND MAHIUAGE 

Not roprocluctioii ratoa for native wliilo women in Urn United Htutea 
Imvo bcon computed for each year from 1020 to lO-H from ago, age- 
parity, and agc-parity-fecumlity-marriage apeeific birth rateu. In two 
years tlie ago adjusted rnto in the «aina an tlie ago-pnrity fidjusii'.i! rale, 
being 105 in 1941 and 114 in 1044 in either cose. (Sec Table 4.) In 18 
years tlio adjustment for parity lowers the net reproduction rale by 
one or more points, lho largest clccreascH being 11 in 1033 and 0 in 
1032^ In five ycara the adjiiPtmcnt raises the rale, the largest increases 
being 4 in 1921, and 3 in 1042 and 1943. Adjusting for Gilhor Htnrility 
or spinsterliGOcl reduces the age-parity adjusted rate in 14 years, and 
raises it in 9 years, the maximum decrease being 7 in 1942 and the 
maximum increase 4 in 1933. Adjusting for parity, spinsterhood, and 
sterility gives reaulbH below the conventional ago luljusted rates in 
ovary year except 1021 when it causes no change. The largest decreoflos 
—aoven points—occur in 1031-38. Similar HlatemeulH can Im made for 
the gross roproclucUon rate and the intrinHic rate of natural increiuio. 

Reproduction rates adjusted for ago and parity, or for ago, parity, 
aterUiby, and Bpinstorhood, show the wartime riso in forlility to have 
been Bomowhat larger than has been thought on the basis of lho con- 

II k nampUa«llne fapt«r—lli« bltlha -ooour to blnglo w»naon—>wou1d neoM«llal« lho 4u»o of 

birth probfrblUtloH lor plngU women ea well ea lor married wotnen. 



niDPnODTJCTlON llATEB 516 

ventional reproduction rates. From 1940 to 1943 the age adjusted net 
roprodviction rate increased 21.0 per cent (from 100 to 121), the age- 
parity adjusted rato increased 27.6 per cent (from 98 to 125), and the 

TABLE 4 

GUOSB AND NET REPRODUCTION RATES AND INTRINSIC RATES OP NATURAL 
INCREASE RASED ON AGE SPECIFIC, AGE-PARITY SPECIFIC. AND AGE- 
PARITY-FBCUNDITY-MARUIAGB SPECIFIC BtUTII RATES FOR 
NATIVE WHITE WOMEN. UNITED STATES 1020-44 


Year 

Ago 

Adjualcd 

AgQ- 

Purlby- 

AdJuaLod 

AgO' 

Pari ty- 
Fooundity- 
Mnrrihgo- 
Adluatcd 

V 

Adjusted 

Ago- 

Pnriky- 

Adjualcd 

Aga- 

J'lin ly' 
Foouiidlty- 
MRTrSngo- 
Adjueled 


OrojS RsproJufilian R/ito* 

Ii^triiialo Itato ol Natural JneranM f 

1044 

122 

122 

110 

1044 

4.70 

4.87 

3.88 

1043 

lao 

134 

128 

1043 

7.01 

8.21 

0.C8 

1042 

126 

120 

120 

1042 

5.00 

0.48 

4.29 

1041 

113 

113 

no 

1041 

1.07 

1.07 

.86 

1D40 

lOB 

105 

104 

1040 

-.03 

~.S4 

-1.23 




NqI RoproducUon Rnto* 




1044 

114 

114 

ni 

1031 

103 

06 

00 

1043 

121 

125 

no 

1030 

107 

102 

103 

1042 

110 

110 

112 

1020 

106 

00 

100 

1041 

106 

106 

102 

1028 

no 

lUB 

100 

1010 

00-h 

08 

07 

1027 

116 

116 

114 

1030 

00 

03 

02 

1020 

118 

116 

IIS 

1038 

00 

07 

00 

1026 

123 

122 

121 

1037 

05 

01 

01 

1024 

127 

128 

120 

1030 

04 

80 

80 

1023 

126 

123 

122 

1036 

00 

80 

01 

1022 

124 

123 

122 

1034 

00 

BO 

01 

1021 

133 

137 

133 

1033 

04 

83 

87 

1020 

126 

127 

124 

1032 

100 

01 

03 






* Tho rnle jier 100 porsono; n Blalionury populnlion hns n rnlo of 100. 
t Tho rnto por 1,000 pereons; a slnllonary poputalion line n rnto of zero. 


age-parity-fecundity-marriage adjusted rate increased 22,7 pei’ cent 
(from 97 to 119). 

In interpreting tlie reproduction rates computed on the bases under 
consideration, it should be remembered that the proportion of women 
assumed to be completely sterile (10 per cent) was chosen as a maxi¬ 
mum, licnco that the reproduction rates based on age-parity-fecundity- 
marriage specific ])irth rates represent extreme values* The true values 
aro boLu^eon tJioHo and tho rates acljiislod for ago and parity, but un- 
douljLedly aro closer to the former than tho latter. 

Although tlio age adjusted reproduction rates can bo criticized from 
a methodological standpoint, the numerical differences between them 
and the agc-parlty adjusted rates or the age-parity-fccimdiiy-marriage 
adjusted j’atcs are not large, TJiia is fortunate, of couisc, because the 
former are much simpler to compute than the latter. Furthermore, the 
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bosio data required for ago apoeific birlh ralofl are availnide for a rela¬ 
tively large number of populations, wlicreai lliosc rciriuirwl for age- 
parity, or agc-pority-fccundily-mnrriagc apoeific birth raUs* are avail¬ 
able for relatively few populiilions. 

Taking parity, aterility, and Hpinslerlioml into nccounl jimkoa much 
larger changes in llie prolificacy dislrihulion of a hyi>otlK!tical cohort 
than in il« reprofluclioli rales. The iiuwl sinking dilTorence occurs in 
the proportion of sscro parity women in (lie hypolhelical cohort of 1012. 
Cliildlc. 9 .s women would coiislilulo —8.1 per cent of (he cohort" accord¬ 
ing to the ago specific birth rales, 12.3 piir cent neeording to ngr-parity 
specific birlli rates, and 20.1 perr cent aeeonling to nge-nuirriage- 
fecundity-pnrily flppcific hirth rales. But prolifioaey dislrilmlion is a 
matter for discus-sion in another paper rnlhcr than here. 

Even though reproihiclion rates hosed on nge-parily-feeundity- 
marriage specific, birth rates for women wlio marry an<l are not com¬ 
pletely sterile will not be used widely in the near future the que.slion of 
terminology may deserve somo altention. It Hceni.s to the writer that 
hvo ideas should ho kept in mititl, namely, (a) the lerniinology used 
to date witli repr<«hiction rates has beeomo well t‘Hlabli.slie<l and 
should bo changed as little as possible, and (li) the fumlauiental eon- 
cepts involved in the terms gross or net reproihiclion rale and in¬ 
trinsic rate of natural increase liave been rofinod rather Ihiin changed 
basically. One passibility would bo to refer to (ho conventional nde.s 
ns before, o.g., “net reproduction rates,” hut odd the word “rermed” 
in referring to the more accurate rales iloscribcd in thi.s paper, o.g., 
"refined not reproduction ralas.” The chief drawback is that "refined" 
has been used in the past in referring to rates adjusted for residence, 
ago, and sex," and, by itself, gives no chio os to tlic type of refinement. 
Other single words could only give a partial clue at best. It is sug- 
gosted, Ihorcfore, that the plirascs "age-ailjustcd" or "agii-parity- 
focunclity-mnrriago adjiietcd" bo used os prefixes. Thus the oonvon- 
tional net reproduction rate used heretofore would bo called tbo “nge- 
adjusted not reproduction rate,” and tlic moro accurate rates described 
hero the "agc-parlly," or the “age-parlty-feciuidity-niarringe tidju.sled 
net reproduetion rate." Where apace is at a premium, abhreviationa 
could be used, e.g., "Agc-Adj. Net Repro. Rate” and “Ag(!-Pur-l''ec- 
Mar-Adj. Not Repro. Rato." It is realized that tlieso li'rms ure long, 
but it is believed that the disadvantage of their lengt h is ofTsut by the 
fact that they aro rolalivoly nclf-cxplanalory. 

lliofo Would bo 108J /int WrlJm p»r lOOO bejic® 1011 J per rfinl of lb® woidoh woiil J bn vo 

one or moro blrlha nnd —8 -1 par aonl would not bOAr « obi Id. 

^Unllod BUion Burciiu of ibo Conaua: ^MQiicUtv Sfotitikt, t026i* Vorl III Wwjblngton, O.P,0, 

1020, p. 28. 



THE PROBLEM OF NON-RESPONSE IN SAMPLE SURVEYS* 

Moflnia H. and William W. Huhtfitz 


TJio mail qiieafcionaniro is used in a numboi’ of survoye bo- 
causo of the economies involved. Tlie principal objection to 
this method of collecting faotiiol information is that it 
gonorally involves a large non-reaponso rate, and nn unknown 
bias is involved in any asatimption that those responding aio 
reprepentativo of the combined total of respondents and nou- 
rofipondonta, 

PersoncLl interviews generally elicit a aubstantially com¬ 
plete rcBponae, but the cost per schedule is, of coiirso, con¬ 
siderably higher than it would bo for the mail qucationnnlro 
method- The purpoao of this paper is to indicate a technique 
which combines tlio advantages of both procoduros, 

The principle followed ia to mail achedulos in excess of 
the number expected to bo roturned, nnd to follow up by 
enumerating a samplo of those that do not respond to the 
mail Canvass. Under reasonable nssiimj^tiona aa to tlio relative 
coats of the two methods of canvass, an allocation of the sample 
can bo m/iclo to mail and field canvasses. An illustration is 
given to show for a given degree of reliability, the varying 
slices of tlio mailing list for di/Toront expected response rates, 
and the rate of field follow-up on the non-reaponscs. Tor each 
responso rate, the min imam cost of the survey is computed; 
from this computation it is possible to detormino the maxi- 
m\iin number of schocliiloa to bo mailed independent of the 
rnto of reaponso. Then to achiovo the desired prccUion, the 
number to bo intorviowod would vary with the response rate 
actually found. 

In a mathcinaticftl appendix tlio general formulas are de¬ 
rived. 


T he mail qxieationnairo 13 used in a numbor of Biirvoys because of tbe 
economics involved. The principal objection to this method of col¬ 
lecting factual information is that it generally involves a large non- 
response rate, and an unknown biaa is involved in any assumption that 
tliosc responding are representative of the combined total of respond¬ 
ents and non-respondents. Personal interviews generally elicit a aiib- 
etantially complete response, but the cost per schedule is, of course, 
considerably higlicj' than it would be for the mail questionnaire method. 
The purpose of this paper is to indicate a technique which combines the 
advantages of both procedureB. 

The problem conBklcvcd is to determine the number of mail question- 
naireB bo be sent out and the numbor of pcreonal interviewB to take in 


+ Thin pnper wivb prc^cnlcd nl tho nnnur\l mootlni? of Uio Amorlcnn BlallRLleal AHnoolRlion on 


Jan-unry 20, 1040 In Cleveland, Ohio. 
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following up non-rcapoiiBcs to llin nmil tjucfltionnnini in ordrr In attain 
the reciuirod precision at n niiiiLmum ctwl. The pnatedure outlined 
below' can bo applied wlmlovcr llic jnothtxia of collreting data are. l*'or 
example, pcrhnpa cquiilly important ns tlio problem of nnn-rcHpoiiHe in 
using mail qucBlionnaires is the prohlein of cidl-bncks in taking field 
interviews. In this latter jmildein llio procedure In iniiiiiiii%e cost for 
a given degree of reliability would cull for taking a larger wtinplc of first 
interviews and calling back on a fraction of “tlHXM* not at luiuu*.” The 
technique presented licrein tnaken it possible to use, uiibiaw^l designs 
at a reasonable c<wL wliere tlu* excessive cost of ordinary tiietliod.s of 
follow'-np has frequently led to nbundoning them. 

To illustrate the principles, this simpleal random aam]>ling and cali- 
matiiig proccdurca are assiinieil in the early part of the text. The priiiei- 
plcshold however for Blralified sampling (mu; RceUoii (b) jiagefiZr)) and 
for other mctluKls of c.BHination, as whore n sample is nmsl to eatiinatc 
rate of change hcLwecii two periods (sec iScrlion (e) jiage 525). 

As an illuslralion, let ns assumes wo wnnt to eslimaU'. Hit*, nuiuber of 
employees in retail stores during a specified perifsl in the Stale of 
Indiana. Wo slinll assume we liave a listing of all eslubliHlmioiils having 
one or more, employees, say from Social Security reeonls, and their 
corresponding mailing addresses. A prcMiciliire sonu'limoH folhiwi'd is to 
take a sample of addresses from this list, mail out the riueslioniiaires, 
and then depend exclusively on the mail reluriis for the esliiiuiU! of 
number of employees for all retail stores in the Rtato. The r(;Hidt of 
this procedure usually will bo biased. It may lie seriously so if there is 
a largo rate of non-response. On the other hand, if all the iuldro.'<.‘<os 
were actually visited by an enumerator, the cost of collecting tin; in¬ 
formation would bo much greater. 

Suppose the cost of mailing is 10 cents per questionnaire mailed, 
and tlio cost of processing the retuniB is 40 cenlfl per (luesliommire re¬ 
turned. Suppose, on the other hand, that the cost of carrying llirougli 
field interviews is $4.10 per questionnaire, and Umt this cost logelher 
with the cost of processing the field relums is $4.r>0 per <[ueHtionnairc, 
For the cost of one field visit wc could then obtain about eight n^ail 
questionnaires if there were a 00 per cent respuiise and five mail qiies- 
liounairoB with only a 20 per cent response rate;. Tina docs not mean 
tlinl wc should take our entire sample by mail even though for the 
fixed cost wc can make the actual aamplc size i)erhu])H five to eight times 
as large as it would bo if all the, respondentB were actually visited. It is 

I Tlic procedure glvon In UiIr pnper In nn ndnplnlion of Oio inindpleN of dnulile NMiiplI ok dnvclnped 
by J. Noym^n.NQft *'Conlrlbullonii lo tbe Ihcory of eAmplhiK fiuinnu i>opulnt1onN,” Journnf 0/the Amu\- 
can Sialittical Ataociation, VoL aA (lOaBK PP- lOL-110, 
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a common fallacy to asaume that the size of the sampling error de¬ 
creases in proportion to the square root of the number of schedules in 
the sample. Actually, in practice, this is seldom true. The sampling 
error depends on the over-all design of the sample of which the sample 
size is only one factor. 

To illustrate, assume that questionnaires are sent to a sample of 
1,000 addresses drawn at random from a complete list of 40,000 at ores. 
Assume further that BOO or 60 per cent respond, and that of the 500 
non-respondents 60 or 10 per cent are visited in order to insure some 
representation of the class of those that did not respond to the mail 
questionnaire. An unbiased estimate of the total number of employees 
is obtained from this sample by computing; 


a;' = — { 7 nxi + 5^2' 0 , ( 1 ) 

n 

where 

-AT = 40,000=^ the number of addresses on the mailing list; 
n = 1,000 = the number of questionnaires mailed out; 

^/ = the average number of employees per establishment for the 
stores responding to the mailed questionnaire; 
m = 600= the number of such establishments; 

Sz'' = the average number of employees per establishment for the field 
interviews; 

s = 500 = the number in the sample of the 1,000 questionnaires 
originally sent out that did not respond to the mailed question¬ 
naire. 

It is uofcccl tliat the total size of sample actually processed would be 
equal to 600+50 or 550. 

The sample variance of ac' if the sampling method and estimating 
procedure specified are followed is given by:^ 


2 


N -n 

]^2 -^ 

(N - l)n 


N 

+— (h - 1 ) 

n 



(2) 


whore 

0 -^ is the variance in the entire population between the original estab¬ 
lishments; 

al is the variance among those not responding to the mailed ques¬ 
tionnaire; 

jS is the number of establishments in the population that would not 
have responded to the mailed questionnaire had the mailed ques¬ 
tionnaire been sent to all establishments; 


< Seo nppontifir for cfovalopmeiit of llifa formula. 
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r is the number of catabliahmcnts in the aample viaUffil in the field; 


nnd ft where, as already indicale<l, s is the number of non-reapond- 

T 


cntB ill the aamplc. 


’With this variance formula it enu readily he shown that tliere arc 
widely dilTorcnt sizes of Hainplea wliich will have the saiiii' reliithility 
and that a point will be reached wdierc the Hize of wimple alone will he 
a very poor indicator of the sampling relinhiHly. I-'or examrdc, assmuc 


that ff’ “ ffi’ and that N 


and SarcsunTiciently large lliul 


N-l 



are approximately equal to one. FutLher assume that the accuracy re¬ 
quired ia such tlmt the average aampling error, t, would he given hy a 
aamplo of 1,000 when the rale of renponae is 100 per cent. If (piestion- 
naircs were mulled to a random aninple of u eaUdilishmeiils and the 
response rale were 100 per cent, the variance of the Liilal eKlimatcd 
from the aamjilc would ho given by 



A 

71 . 

i)n 


</* 


where <r* ia defined os above. Thus 


{N - 1)1,000 

Wlien we Biibatiluto varioua miuuu'ical values repreaenling various pro¬ 
portions of mailed returns and field interviews for the syiiihola in 
formula (2) we find that there are a number of samples differing widely 
in sizo but each of w'hich has the same, average, reliiihilit}'. 

Column 5 of Table 1 shows various sample sizea each of wliich yiekla 
the specified precision in the samplo cstimato. For example, sending 
out 1,600 qucBtionnaircs, obttuning a total of 1,125 riuestionnaircs 
actually processed (7G0 by moil and 376 by field interview) yields exact¬ 
ly the snino sampling error ns sending out 10,000 questionnaires nnd oli- 
tnining a total of 5,263 qucationnnircs in the sum])lo (5,000 by mnil and 
203 by Gold interview). It follows tlmt at some point it would be un¬ 
profitable to put money into obtaining additional mail (lueslionnaireB 
and that it would be bettor to spend that money on obtaining returns 
from those not responding to tho mail quoslionnairca. 

Column 0 of Table 1 shows the total coat for each of tho sample aizoa 
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under the unit costs assumed in Table 1. Since the table is so con- 
stnictecl that the varying number of schedules tabulated all lead to 
exactly the same precision in the sample estimate, it is logical to pick 
that particular sample size that would lead to a minimum cost, The 
minimum cost will be achieved when 2,000 schedules are sent out, 1,000 
of them arc returned by mail (ab the assumed 60 per cent response rate) 
and 333 of tho non-respondents are interviewed in the field. 


TAHLE I 

BAMPIiEB OP DIFFERENT SIZES THAT LEAD TO SAME PRECISION OP 
RESULTS, THROUari JOINT USE OP MAIL AND ENUMERATION 
METHODS ASSUMING A 50 PER CENT RESPONSE RATE 


n 

m 

9 

r 

Scbcdulos 

Tabulated 

CoBt 

(1) 

(S) 

(3) 

(4) 

(5) 

(01 

1,000 

600 

600 

500 

1,000 

32,500 

1,500 

760 

760 

376 

1,120 

2,130 

2,000 

1,000" 

1,000 

3dd 

1,333 

2,009 

2,500 

1,260 

1,260 

313 

1,663 

2,lfiD 

S,000 

1,500 

1,500 

BOO 

1,800 

2,260 

4,000 

2,000 

2,000 

260 

2,2B0 

2,4S7 

6,000 

2,600 

2,600 

278 

2,778 

2,7B1 

10,000 

6,000 

5,000 

203 

6,203 

4,184 


Cl =30.10 «Co“jL per qucslionimiro of moiling 

Cl =30.40 '«>CoaL por qucHLionimiro of proccaslnR rolurncd qucBifotinnlrca 

Cl =34,50•«Coat per qucsllommlro of bolb onumornllng nod proccRfilng Lhoao obtained by field 
fnLorviowa 

n =Niimbor of quOBlIonnnlrcB mailed out 

TH ^Number of midl respondontB 

8 = Number of iion-‘renponclenlH to mall cnrivnas 

r =Number of (laid /iitorvloira nmo/ig Nio noa-roapoiidcnts 


Instead of proceeding by trial and error as has been done above to 
determine the optimum numbers of schedules to mail out and to pick 
up by field interview, the optimum values of n and r can be computed 
from the following relatively simple formulas; 

71 = np + (fc - 1)Q}, 

s (3) 

r = —j 


wlierc 



CiP 

Cl + GiP 


h 


(4) 
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P IB fclio rtitfi of rcBiiODBc to tln! mailed riiieBlio!Hmire, — and &b 
iadicated earlier, e is the expeelwl iivemKe error (BUiridard error) to he 
tolerated in the total being cfltiinnU’il. Forimilan (3) arnl (>1) wercob- 

N fi 

taiacd under the aBsuniptioiiH that and 

optimum values of n and r witliout these HHauiuplionH are 
( ^ 1 


r ^ — I 
k 


V \}iHN - l)crk» / C'l -)• CiP 


Of course, the number of mail (|urHlionnnin.'H and field iiilervit-wB re¬ 
quired to achieve a specified precision will vary with the responHc rate. 
In practice, one may not know even apjiroxiinnU'ly what the responao 
rate will bo, whereas in order to eslimnU* the optimum valucH from the 
above formulas, the approximate rcBponse rate muat be known in ad¬ 
vance of the survey. When the response rate is not known in advance 
one still may want to design Die survey so as to achieve at least a cer¬ 
tain specified precision atmiiiinunn cost, and at llie same Unm to know 
about what tlie coat of taking the survey will bo. I'lven uiuh'r Huch cir¬ 
cumstances it is possible to determine the. oplinuirn niiinberof sehedules 
to be sent out, and the optinniin number of field interviews to be taken 
from among the non-rospondcnla. l'’or oxainple, insleiul of iissuming a 
60 per cent response rate ns in tlie above illiiHlration, let iih compute the 
optimum values of n and r for response rates varying from 1(1 iier cent 
to 90 per cent, wlu're we still want to iieldeve the same preeiHioii of rc- 
Bults. The optimum values, coiu|)Ulcd from foriimlas (3) ami ('1), and 
the corresponding costs are, shown in Table 2. 

Column 4, Table 2 shows the cost of a survey willi optimuin joint use 
of mail and interviow methods when the response rates are known. 
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Where the response rates are unknown, one alternative (referred to as 
Alternative 1 in the above table) which makes gome use of the econo¬ 
mies of using the mail questionnaire is to send out 1,000 questionnaires 
and follow up on all the non-responses regardless of the response rate. 


The sampling error would then be 


N-im 

(J\r-i)ij000‘' 


no matter 


what the rate of response, and is the same as that for the other alterna¬ 
tives presented in Tables 1 and 2. However, for any given response rate, 


TABLE 2 

0AMPLEB THAT LEAD TO SAME PRECISION OP RESULTS 
THROUGH JOINT USE OF MAIL AND ENUMERATION 
METHODS. FOn VARIOUS RESPONSE RATES 


(AJaa oompAriaon 0 / the minimum costa for various rosponao ratea will* Iho coat of 
sending out 1,000 quoalionnnirca with n 100 por ccob loilow-up 
of llio non'Toapondcnla.) 


p 

n 

r 

Coal of 
Optimum 

Goal of 
ALternntive 1 

(1) 

(2) 

(3) 

(4) 

(6) 

.10 

1,714 

800 

84,110 

84,100 

.20 

1,080 

711 

3,568 

3,780 

.30 

2,034 

675 

3,036 

3.370 

AQ 

1,070 

461 

2.544 

2,000 

.fiO 

1,870 

841 

2,000 

2,650 

.00 

1,727 

245 

1,000 

2,140 

,70 

1,M4 

103 

1,328 

1,730 

.RO 

1,380 

05 

1,010 

1,320 

.00 

1,107 

40 

731 

010 


the cost of this alternative will always be larger than the optimum, It is 
of interest, to see how much more costly this procedure is than the 
optimum for various responvSe rates. A comparison of columns (4) and 
(6) sliowa that the increase in coat over the optimum is smallest for the 
very low rates of response which is to be expected since not enough 
questionnaires have liecn received to take full advantage of the econo¬ 
mies of the mail questionnaire. For response rates 30 per cent or greater, 
increases in cost of from 10 per cent to 24 per cent are to be expected if 
this alternative is used. 

Where the approximate rcaponae rate is not known in advance, the 
following procedure, I'cforrcd to as Alternative 2, ia preferable to 
Alternative 1 described above because it generally makes more effective 
use of the economics possible through the mail questionnaire method. 
The first step is to determine the maximum number of questionnaires 
to bo sent out no matter what the rate of response. The second step is 
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to determine the number to lie interviewed in oreJer to neliievc the de¬ 
sired precision nftcr the moximum number baa iicen sent out and tbc 
rate of I'Gsponao is actually dotennlneij from tlio sample relnrna. Ilcnce, 
the number to be interviewed would vary with tbo respouHe rate 
actually found. 

Note from column 2 of Table 2 that for the prolilcin \vn are discuns¬ 
ing, the maximum number to Im sent out no matter what llu\ rate of 
response, ia 2,034 queBlioiinairea. If 40 per ccntri'Bponded, for (‘Xftinplc, 
then, using formula (3) wo find tbat llie number to Im intervlowwl 
would be 448, 

Table 3 showa, for varying rates of response to the mailed ciuestlon- 
nairo, tlio number of field interviews to be taken to achieve Uie tlcaircd 
precision if 2,034 schedules arc mailed, and the total cost for each of 
tho response rates. The coat of the optimum Ihnt could have been ufied 
were tlio responBe rates known in advance is nleo shown, 

TAni.R a 

COMPAHISOM DETWKEN CC.ST OP OPTIMUM IP nlvSPONfiU 
HATE WBlIB KNOWN AND AI/rRHN AT1VK8 V AND 3 


p 

m 

r 

CoHl *>f 

AllOrhikUve ^ 

Coftl of 
AU<’tniiUvo 1 

CoiiL of 
Oj>ilmum 

(1) 

(2) 

(ai 

(41 

16) 

(6) 

ao 

203 

862 

M.ltO 

H.lOO 

>4,110 

pSa 

407 

7JO 

3,001 

3,7HO 

3,6r>fl 

.30 

QlO 

we 

3,036 

3,370 

3,ai6 

p-iO 

914 

448 


2, MO 


.so 

1,017 

331 

2,100 

2.660 

2.000 

.60 

1.220 

227 

1.713 

2,HO 

\ ,Ano 

p70 

1,424 

137 

1.300 

J ,73D 

1,328 

,80 

1,027 

oe 

1,161 

1.320 

1,010 

.W 

1.S31 

IS 

i,oir 

010 

731 


A comparison of column (4) with column (6) in Tnblo 3 indicates 
that except for the very high response rates, the lack of any advance 
knowledge of the rates of responso entailed almost no ailditional coat 
over tho optimum values when tlio rates arc known. "Wlieii the rates 
of lesponse are high, of course, the total coat of the survey will bo Hinall 
oven though an unnecessarily largo number of tiuostionnairi'B had 
originally been sent out. 

Thus, it can bo seen that not only can optimum values of n and r 
be found for a response rate known In advance, but an optinuim pro¬ 
cedure can bo found even where nothing is known in advance about 
the rate of response, and this procedure will produce results having at 
least the speoifled procision and at low cost. Of course, if tlio responso 
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rate ifl known approximately in advance, the use of thia information in 
determining the optimum use of mail and cnumcrative response will 
lead to slightly lower cost. 

Some further comments on this problem; 

(a) In actual practice a mail survey lias a time limit. All achedules 
arriving before the deadline constitute the mail response and the field 
follow-iip sampling ratio must bo applied to all on the mailing list that 
did not respond before that date, Tlic relatively few schedules arriving 
after that date, unless they are designated for interview^ must bo ex¬ 
cluded from the sample^ in order to avoid a bias of non-rcsponso of 
the type which wc arc trying to eliminate. The cui^off date of course 
should be held oft until the mail response is Buhstantially completed 
in order to take full advantage of the economies of the mail question¬ 
naire. However, once a sample is designated for field follow-up and the 
respondent is actually interviewed in the field, the mail questionnaires 
returned (other than those designated for field follow-up) must be dis¬ 
carded. 

(b) The optimum procedure described earlier for simple random 
sampling can bo extended to stratified random sampling. Suppose, for 
example/ that the population is divided into L strata Avitli Ni establish¬ 
ments in each. If the costs per establishment do not differ widely be¬ 
tween the different strata, a simple procedure is available for achiev¬ 
ing economies through the joint use of the mail questionnaire method 
and field follow-up. The first step is to determine the size of sample 
required under the assumption of a 100 per cent response when alloca¬ 
tion. of the sample to the various strata is made in accordance with the 
well-known formula* 


nt 


NiiTi ^ 


£iV,(r, 


n, 


( 8 ) 


where n is the size of sample required to achieve the required accuracy, 
For stratified sampling ?i is approximately equal to 
q^he procedure is then to merely use formulas (3) or (6), for each 
stratum, to olitain the values for rt£, the number of mail questionnaires 
to bo sent out in the i-th stratum, and 7’,', the numlior of the non- 
respondents to the mail questionnaire to be taken for personal inter¬ 
view. 

This procedure is not the optimum except under special conditions, 
but will bo o/Tcctivc except in situations where the costs di/Ter very 


» J. Noymniii 'On tho two dlfTorent nnpaoln of Uio reprcuoniMlvti method; o molliod of AirnilOed 
BRmpling and the tnolhod of piirpoBtve nolDoilon,'* Journat of ifiB Rounl Slniu«rat Soeiiiu, N'ow Sorfea. 
Vot 07 finad), pp 
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widely in the various strata. Wliile the optimum vtiUie for rj ia llu« wuuc 
as given in (6) when Hic svibsciipt i is iilUiuhcd to liacli of tlie Uthis, 
the optimum value for tu is more complieatcJ limn Uie corresponding 
value for the unstratificd case. To ticleriniiic the opliimim values, in 
general, for stratified sampling, wo, first (le.kTmiue tlie opliinum num¬ 
ber of fiiicBtioiinaires to be sent out (n) iiiut this is found tu Ijo e.tpuil to , 


n = n< 2^ -;- 

\ ^ Ni - 1 










•( 0 ) 


where 


and 71 is given by 


- i) 




The optimum allocation of tho n qucalioimairca to Hlrula ia tluui crjual 
to 


n^ 


s 'I'l 


7V. 


( 10 ) 


(c) A ratio (or regression) type of estimate can lie uscsl instead of 
estimate (1) and at the same time make use of the optimum procedure. 
Thus if employment figurca were available from a past census, an esti¬ 
mate of total employment wiiich may he more (‘fficient than estimate 
(1) consists of applying an osUmate of the change in employment 
since the census dale to the known uuiubor of employees at tlie census 
date. If wo let 

^Average niimlier of oiuployees ut the census date, per eBlahlish- 
ment responding by mall; 

J>j"= Average number of employees at tho eensus date, per es- 
tablishmeut in the field interview sample; 



527 


non-ubbponbe in sample burveys 

then an estimate of total employment would be 


my I + 


( 11 ) 


y = Total employment at the census date, and m, s, , ana Xz 
arc defined os in estimate (1). An approximation to the variance of 
this estimate can be put into the same form aa the variance a,-, ex¬ 
cept that the population variances that appear in the expression will 
now be the approximations to the variances of ratios. Then, 


N -n 


N 




( 12 ) 


where 

cri® = cTi* + ^ 2Ra’x]/ 

and (Tx^ is the same as cr^ in formula (2); ib the corresponding varianc® 
of the number of employees at the census date; iTxy is the covariance 
between x and y; and R=x/S ia the change in employment from the 
census date, 

== cTbx^ H“ 2Rab{xy) 

wliere <rbv\ and have the name meaning as the corresponding 
terms for (n* except that these refer to the non-respondent population. 

Hence the optimum number of schedules to bo mailed and field 
interviews to bo taken can be determined as before merely by sub¬ 
stituting < 7 i“ and in formula (12) for <r* and ct? respectively in formula 
(2). The optimum formulas will then be given by (6) and (7). 


APPENDIX 

We shall now derive the variance of x' given by formula (2) and de¬ 
termine the optimum value of n and k, given by formulas (6) and (7). 

ffl- = E{x‘ — xy = E -I-— (mxi' -k s^s") — 

(msii -h aSi" 1 * 

= - - -4- 

But j' = ( 7 /i£i*+sij')/^ where ai' = avcragc for the a non-respondents. 
Therefore —and 
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1 

(T,- 


— E{n{i' - S) + «(Ji" 






n’ 


lE7iHr - «)» + 2E»(X' ” f)/rrV' - f/) 

-t*/vV(.f," - #i')M • (13) 


Now for ft fixciil Bet of ii obBcnuilionH, Uu* i|U{iitltiu‘B £\ », x, nnd 
arc ttlflo fixed, nnd Ea" «1*'. 

Tlicroforc!, tlus mitldlc term of (18) vtiniHlu’H. Tlio llunl tortn iHcciiml 


to 


N‘ 8 - r 

--- 5^ - - - 

n> (J - l)r 


t, (!' - S/)’ 


A 


Now the average or expected value over all suhw'La of exactly a non 
reaponsefl ia equal to 


^ A - r S a - 1 

(i-ljr 7 S - 1 





(Jb - l)<r*« (14) 


where <rb^ ia the atanrliiTfl deviation l)ot\vecn clementa in the pripululion 
of non-reapondentfl, S is tlie number of non«reapoiidi'nt» in Ihe fjopula- 
iion and 

. « 

fc «« —* • 

r 


Since a varies from sample to sample, we must now lake the expected 
value of (14) for all possiblo samples. This Uiriis mil to bo 

JV> S nS N S' 

■ V s::! ?r■ 7 


and ainco 

E(X' - X)' 


„ ^(xi - ty 

N ~ n M N — 71 

(N - l)n “ N " 

N S' 


* N n 

(7,' ■= N' -rr: -r:— ff* + 


{N - l)jv 71. S - 1 


(f; - ])«7»® 


Let e‘=»N’ ■ 


JV-fl 

{N-1)7 


<7*. Wo wish to find optimum vftluew of 7i and k 
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such that the cost of the survey will be a minimum, for a fixed error, 
f, in our estimate of i. The cost of the survey is expressible as 

C = CiTJ. + CiPn + Cb 

It 


where n is the number of questionnaires sent out and C?i is the cost of 
mailing per questionnaire; Pn is the expected number of responses in 
the sample and Cj is the cost per mail response; Qn//c is the expected 
number of field interviews and O 3 is the coat per field intcivieWi ^ 
We then find the values of n and h which minimize the cost subject 
to the condition that Theso values turn out to bo 


and 





NKS - 
SKN - 



C,Q 

Ci + CbP 


n 
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CORRECTION 

In the article, ‘Troblcms and Methods of the Sample Survey of 
Business” by Morris H. Hansen, William N, Hurwitz, and Margaret 
Gurney which appeared in tho Juno, 1946 issue of this Journal, Formula 
B, page 186, should read 
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ON THE ECONOMIC THEOHY OF COST OF LIVING 
INDEX NUMBEHS 


Mklvim*r J. IJlmkk 
U- S. Dcpafimtnl of Conuncrfc 

Tl^o coiiccpl of i\ *'Lruti^ cohI uf living inrUix \im lircin rnrc- 
fully In Ui«nrcticttl cCoiuimir-wlnUftlirnl liU'ratiiro, 

hut Iho rulolioii halwcuu UiIm niul nfliriHlly juildinluHl 

coat of living iiuliccn (onllnnrily oimiMilrd Uy LaR|tf!yro*H 
formula) Imn ncvt'r hoon CKLahlialuaL TliuorniioinnH Imvc* Hlunvn 
only thnt/j> h nnd Llint /,> V, wUuro: h ifl LftiN)ii»yro*« iudox; 
/o 15 tha Iriiu index bnned ou tlio real in^Mnm lovcl of Uio hnno 
period; l\ is Iho tnio index on llio rotil incf»rno lovei of 
Iho given period; P ja Ihiofttjlm'a ind(?x. 

Furllier untdyHiH ahowa Hint ilcRnilo Ihcun^liral rolnUnn- 
ahipa may ho eatahliahnd fliiuiiiK Iho difTwroiicea, /*—/o, Ji— 
/fl-/o /Hid Zr-/\ TJicrtu J-oJiiUon»h)j)ijmrtka ptwiMonn rwliomlo 
of ihc maximum difTcrcnco likely to exisL under ordinary 
circuinRlancefl hotwccii coaipulfid index nundmra and Umo* 
rclicnl indiceai na /oliowa: 


nml 


P<U< 


loti 


I DBAiiijV, a oofll of living index ought lo nicnfluro Die changfi in iiiiijiey 
incomo required Lo yield cquivdlcnt sAliHfnction in Lwo or tnoro. 
eitualiona. Tliia Ib the metunire obviouflly required uiohL frequeiilly for 
practicfll purposoa, It is dlao the dofmition gcnomlly luiopletl by 
thcorcticianB.* It is not, however, the dcnniliuii of Ihoao who uetuully 
construct index numbers. 

Unavoidably conscioua of practical limiUilions, the inakorH <if cost of 
living index numbers clmractcrifilically define tlieir pkkIucIs purely in 
terms of tlic formula (usually Laspeyre's) used for their conHlruelion. 
The relation between these index numbers notually nvailulib for use, 
ond the ideal, theoretically defined iiicaHurc noted nhove has neverthe¬ 
less remained persistently obscure. The users of these* indico.s me in- 
ccBsantly tempted'—wittingly or nol^—to infer a nnich broader uppliea- 
tion than tho bare formula alone will allow. On Die other huiul, ttico- 

^ • Per rtferonco lo Un daHnlUon* ornplojretl by vurlou* wUtorii In Oili fleld »«a Vtiacli, lUtinnr, 

Aoaiu) Sumy at Oonortl Ecoaomis Theoryj Tli» PtobleM ot (ntlan Kumbiirt, * XconixtHfrifo, Jon. 
1 « 3 «, pp. U-ia. 
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reticians warn that Laapeyre's index is in no eense a reliable indicator 
of the true (theoretically defined) change in the cost of living.’ 

The present paper is an outgrowth of this dilemma. Its object is to 
demonstrate that under certain widely applicable conditions. (1) a 



FIGUnE 1 


definite quantitative relationship may be established between Las- 
peyre’s and the tme index; (2) that from available evidence it may be 
concluded that Laspeyre’a index is a close approximation of the true 
index; (3) that the maximum error of this approximation, likely to be 
cncoimtcrcd, may be determined. A knowledge of tins relationship, and 


. or. cpcowuiy IJ.. 

aoUMed, Bersfrtn *r fnd’x-ZflUcn. TQbingon. lD 27 :'M«dE 0 ll. 13. D.. 'Tho CobI of IJvinit Irdox Bnd 
KonQd' ComUtion," }iconotnttrica» April 104B, pp. 171-181. 
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of the tieccBsary concliliona involvfil, lio of value not uiily Lo 

the users of coal of living index numbers Uil uIbu to llioir iiiukera. 

■niE nELATIONBUlP nETWEEN THE THUE COST OF 1.1V1NO INUEX 

ANU labveyhe’s foumuea 

suited niiollier wivy, llio problem of llH■UKll^ng tlio Inn* rliungo in ilic 
cost of living consiBlfl: (1) of iilcnliryjiig cfpKil roni iiii'niUfR in («ivy) two 



dilTcront situations; (2) of determining Uie ratio of the moiu'y values of 
tlicBO two real incomes. The result, then, would indeed be tlie Iheo- 
rotically "truo” cost of living index as defined above. Strietly inter¬ 
preted, a separate index of this kind is required for each distinguishable 
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real income level, though these need not necessarily differ numerically 
in all caaea. 

It has been, shown, under certain highly restrictive assumptions, that 
Laspeyre's index and Pansche's index yield the upper and lower limits 
respectively of the true cost of living index. Although this demon¬ 
stration is of ho practical moment in itself—because of the narrowly 
limiting assumptions—^ib is a useful step in the derivation of more sig- 
nificanb rclationa. It is described most conveniently in terms of indif¬ 
ference curves and expenditure lines. 

In Figure 1 let the indifference curve shown represent a part of the 
indiffercnco map of wage-earnera for two commodities, A and B. By 
definition every point on this curve represents a bundle of goods of 
equivalent satisfaction. Let Qq and Qi represent two situations on this 
indifference curve. Let ab and cd represent expenditure lines tangent to 
the points Qo and Qi respectively. These lines are of the iormPaA+PiB 
^R, wlicve A and B are the two commodities, Pa and Pu are their re¬ 
spective prices and 72 equals total expenditures, The point of tangenoy 
of an expenditure line to an indifference curve indicates tlie goods 
which are purchased by consumers when they maximize their satisfac¬ 
tion under the given price system and the given total expenditures 
indicated by the lino. 

If total money expenditures in situation Qi, in the accepted notation, 
equal Spi( 7 i and in Qo equal Spo(7o the ratio Spir/i/SpoGfo is tlio true cost 
of living index. Stated more fully, XpiQi/^paQo is tlie ratio of tlie total 
money expenditures required to yield equivalent satisfaction in the 
two situations—the definition of the true cost of living index. 

In Figure 1 let commodity A bo the nunUraire, so that the intercepts 
of the expenditure lines on the A-axis will equal 22, the total expendi- ' 
tures in each case. Then if wc indicate the true cost of living index by 
the symbol wo can write: 

21pi(Zi 00 
2po(7o ^ ‘ 

Now in the same figure the expenditure line ef is drawn parallel to 
abf and through the point Qi. Since the the slope of an cxpcnclilurc line 
is given by the ratio Pt/Pat the equality of slopes shows that ah and 
cj are characterized by the same price system. Moreover, since cf 
passes througli Qi, its intcrcopt, ce, indicates the total expenditures re¬ 
quired to buy the comnioditiofl actually purchased in Qi under the price 
system prevailing in QoJ that is, oc^Spo^i. In the same way, if gh is 
drawn pnrallol to cd, wo can write 0(; = Xpigo, repreaeuiing total ex- 
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penditurcB required lo buy the cummodilieB acUmlly purcliasetJ in Qj, 
under the price conditionfl of Qi. 

From the figure, it will he noted that llii‘ following rolationsliipa 
hold,* all being necemry rcmiltfl of the fact tlmt the norniul form of an 
indilTorencc curve is convex to the origin: 


og 

oc 
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Hindi 

(tg > oc 

oa 

oa 
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oe 

oa 




If wo auhalilutc for IhoHC intcrcoptfl tlie exiinmlilun*K they reprewnh 
WG obtain: 


LMo 

Zpo7o 


> I > 


Em . 

E p»7. 


lu other words, Laspeyre's index is the upper limit and Puasche'fl 
index is the lower limit of the true cost of living index. Tliin relntionulup, 
however, has been deinonatratcd ojily for a very special case. Tlie two 
most important underlying nHsumptions arc that tuHles us well as real 
incomes^ remain the same in the two siliiations compared.* Of courflo, 
the assumption that only two cominotlilics appear in ennHUtnei-H' 
budgets is made licro as well as elsewhere in this article for convenh'nec 
only; it has been shown that tlie same rcIalionHliip would hold for any 
number of commodities. 

A more useful result is obtained if tlie tnosl imporUnil of thc.sc^ as¬ 
sumptions is relaxed and we ])(;rmil the silunlions to be rompan d Lo He 
on different indifference curves. It is obvious, however, from llie defini¬ 
tion of a cost of living index, lliatif the siUinlions lo lie cotnpared an^ 
characterized by different real incomes, Llicre must lie liio Inio indices 
(in the case of two situations), one liased on the lower real income level 
and one based on the other. Tliia is evident in Figure 2, wliero Qo and 
Qi are the two situations located on different iiuiifferenoe curves, while 


I The following briof proof of llio relAtlonnltlii IpiQi/SCpif i >/> fa pftmo hr Hint 

givon In II. Stnolilci op. ciL^ pp. 108-1110, 

* The ftlorliityof UiIh iLMumpiloii forprApilrAl puriionea fimi i>n|nl^l ouLliy 11. HUoliln, o/i, 

p. 170. If ll wore nclunUy known Hint tcaI InvttniMWorc llio Minin In tholwo AifijAlinno roinpiirrJ, ll 
would bo aimocoMuiry to compute Idw.pi'yfc'i hud linllcoa; tlio in tin of llio nclnnl innnry ox* 

pDUdllurofl ill Iho iwo jiiuiAiioiM, would give ihn Ituo of IlYhig liidox Mnrijy. 

• iLin cuilouii lo nolo llmi tlioM Aniiuniplioiui nro nociuilnnnlly overlooke<l In pracliml w-^irV nnd tlm 

roInlioTuililp £piQi/i;ri4i>i> in oxpliclily tnkeir no gonorMly npplknblf*. Bcio, for einrnple, 

Henry Bhiivoll, '’Prlco DoflntorB for Coiigumor Corn modi Ikn nird Cnpilnl lC<iiilpniDut, 1030-101 
Sunitf o/ CuiT«nf Su%<nt$t, Mny 1043, p, 14. 
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ab and cd arc the respective expenditure lines tangent to the indifference 
curves at these points. If gh is drawn parallel ^o cd and tangent to the 
indifference curve at point ^o, then point Qt would represent the 
amounts of A and B which would be consumed at the lower utility level 
al the prices prevailing in Qi- Hence, the ratio of the total expenditures 
in ^0 to those in Qo would indicate one trae cost of living index; that 
is, the change in money income required to provide under the price 
conditions of Qi, a real income oquivolent in satisfaction to that re¬ 
ceived in Qo. If commodity A is again taken as numiraire, then this 
true index may be represented by; 

■*0 V 

2_, po<?o oa 

In the same way, by drawing the tangent ef parallel to ab, it can be 
shown that a second true cost of living index, based on the real income 
level which prevailed in Qi, may be represented by: 

, Z Pidi _ 

■II *“ ^—s _ 

poQi oe 

These two tnie cost of living indices arc, of course, quite distinct, 
and it has been shown that they do not necessarily lie within the limits 
of Laspeyre’s and Paaache's indices. Nevertheless, another relatioriship 
between these two formulas and the two tiuo indices may bo derived, 
the practical importance of which has been hitherto overlooked. If the 
expenditure line ij is drawn parallel to cd and through the point Qo, 
then Laspoyre’s index is represented by: 

^ _ ZPig" ^ 

2 Po9o oa 

Similarly, by drowing kl parallel to ab through point Qi, we obtain 
Paasche's index: 

^ _ I]pigi _ ^ 

2^ poQi ok 

It is easily scon from the diagram that: 

oi og , . T 

— > — smeo 01 > oQf ana 
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— > — since oh > oe, 
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That is: 

2 Pii7» 52 P>!?® , 52 PWi . 52 

52 7Mo 5^ Po9» 2-r P®?' 

L > /o and h > I\ 


or 


fl) 

( 2 ) 


It ia 0 / course true, «r other wriUira liave ewitrndf tl, Unit tlicac in- 
oqualitica, consjV/ererf aiom, are of only very limited iiHefitliu'Wi. Tliey 
tell UB only that la is at Bome point helow mid h i« at some [xiint 
above P} tlie rolatioiiBhipa iictwcen L and /•* and ll(•(Av('l‘n /o mid Ij are 
entirely nurcHtricted. Further annlysiB of lliew? ineqiialiLicH, however, 
permit much more useful concluuions, ineludinB n leiUntive. t'slinmto 
of the actual dilTercnco, to be cxpcctctl in practice, helweeii I, uml h, 
and between P and h, under certain comlilionn, 

It is first of all important to nolo that P* mnl It, may differ for mir 
reason only. They may differ only heeausc real incomcB imvi' elinnp'cd 
Irotivcon the two situations coinpnrwl; atlml difTerencea will <n>mu' only 
insofar aa tlio clinnKo in real income restdta In ftlloriiiK the [jalteru of 
consumption between the two Hitualions, relatively increasiiip; (or de- 
creaaing) conBumption of items whieli have ndvunci'd ni(*st in price, 
Aud relatively clccreaning (or increasing) ennsuinplion of items wluidi 
have advanced least. If the change, in real irieonH* ili«‘lf gavi' rise, to no 
change in the pattern of consumption—i.e., if tlic elaslicity of denuind 
with respect to income were the same for all gomls and serviecH mnl 
equal to unity—/( would equal It. If there wore no plinngn in real 
income, of course, To would equal in any cnBO, I/Ct the letter k repre¬ 
sent She dilTcrence between la and 7|. 

On the other hand, differences botween L an<l P may occur for two 
distinct reasons. The first is tho same as that which accounts for any 
difference occurring between /« and h. If tlie difference fc occurred he- 
tween fo and It, tiien L and P would also differ by k, except insofar ns 
this difference might bo diminished or enhanced hy llic play of a second 
factor. Tima, if the elasticity of demand with respect to prices were zero 
for all commoclitiea, then in the inequalities of ( 1 ) nliove, Jo would 
equal <?o and Jj would equal 51 ; hence Ij woultl equal Jo and P would 
equal Jj, Differences between L and P and between U and Jj would 
therefore ))o the same, and in cacli cane would ho duo to the jio.HHihlc 
effects of a change in real income upon tlu; pattern of corimiinptioM. AVo 
have agreed to call this cliffcroiice k. 

Tho second factor making for differences helween L and P is llm poa- 
siblc alteration in patterns of consumption attribulaiilo to changes in 



637 

theohy of c op I. index numdehb 

relative prices. It is that factor alone which accounts for the fact that 
L must be greater than the numerator of L is too large because i 
assumes that conaumers do ml alter their consumption in , 

relative price changes, buying relatively more of cheaper items, an 
relatively less of more expensive items. For an analogous reas n 
denominator of P is too large, and P is therefore smaller than I.ks 
already indicated, if the elasticity of demand with respect to pnee 
were actually zero for all commodities, the difference between L an 
would be k, the same as that between h and h. of 

letter e the difference which occurs between L and 
alterations in the pattern of oonsumption ” f 

relative prices. Then the total difference between L and P may be repie 

sen ted by: 

(3) 


_ P = [(L - Jo) + (Ji - P)] + (Jo - Ji) = e + *= = 


The quantity c, of course, is ■ necessarily positive, 
remain unchanged (in accord with the assumption made earlier), its 
effect can be only to make L greater than P. The quantity fc, however, 
may bo positive or negative, and may be numerically greater or cs 

is easily deinonstmtcd that limits may be detcrinmed for tlm two ^nic 
indices Avhicli should be of some practical importance. Since Jo i 
and h-P~d, we obtain from (2) by substitution! 


• L> lo and h — k > L — d 
L>h>T^~d + k 
L > h> L - e. 

Similarly wc obtain for Ji the limits: 


( 4 ) 


( 6 ) 


APPLICATION OP THE HBLATIONSHIP 

What does the relationship, L>Ia>L—e, mean in quantitative 
tcims? A precise answer to this question can lie obtained only thiough 
tcimsr n. I . „f „ „ tn-n (.loarlv finnght with numerous ata- 

dircct measurement of c, a tasic cieaily b . ., ^ r Hvinir 

tistical obstacles. For the interpretation of changtm m the cost o g 
over time fts approximated by Laspeyre'a index, howevci, an induct 
approach'is available which should prove satisfactory for most pur- 

poaea. 
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Tho indirect approach is Itosctl on the fuel that when k is poBitive, 
then d is positive and greater than c, hy definilinn. Over a pcritMl of 
time in which tho number of yenra chnracteriii<'(l hy a higfwr income 
level than tliat which prevailed in the biuse poriisl, was rouglily eriual to 
tho luimber of years cimrnetcriaeil hy a lower income level, it is prohahlo 
that would have a roughly equal chaisce of being iiOHilive. or negative.* 
In any event, if the period of time were fairly long it is jirohahle that A 
would be positive in a BuhsUnilial nuinher of eases. If the nuinher of 
such caseB were siifllciently large, then the liiglieHt vahn* of d ohtuiiusi 
during the period might he Iftkcn an an calinmle of tin* liigheiit value, of 
d likely to bo obtained in the fiiltirc—an asKtinqitidii whieh enn ho 
continiionsly toalcd with the passage of lime. However, the iiighcst 
value of d to he obtained can also serve ns a ccnscrvnlivc oatimnlc of 
tho maximum value likely to bo uhtained for r, Hiueo d>r when A>0. 

Since d is easily measured Ibis conclusion permitfi an csliiiintc of the 
maximum error involved if L is taken ns an ujiiiroxiiualion td Jo, or if 
P is token as an approximation of /i. Althougti iiicnHurcincnts ideally 
suited to this purpose arc not now availahlo, the cvhloiice wliioh docs 
exist, presented below, suggosls that the value of d at its gnmUrat is 
very anittll—prcibahly in relative terms not more Ilian IJ per 
ITcncc, Bubstituling this value in (4) ond (5) above, \vc obtain the, fol¬ 
lowing limits to the two true indiccB: 

1 6 

Ij ^ lo Ij ~" Jj, or 
100 

L > Xo> - fj, and (0) 


P 


101.5 

< Zi <-P. 

100 


(?) 


Tlie existing evidence bearing on the value of d ia shown in Tallica 1 
and 2. Although Table 1 docs not actually present values of d, it lins 


* ^hqlhor k Ih posUi vo or fiafinUvd Ih nny rI von (Jepcndi upttn: (1) Iho dliccUon of \he rtmugc 

In ro^l fneomo from iho biwo porloj, Anif (i) (h« otiuillcity of dcmhiit) wfih rrupccl to inwino for cotn- 
moOltlcfl whfiBo priewi tim T«Utlvcly flfiiilblo m comiinroil wilh Uiai for e^immcKlillr^ piitra Rro 

relaUvoly Inflonflblo. Tfiuti, In tba cam of iwi oorninoilhM: 

* ^ xvHti ’'pi'ai'^ ipifl. ** 
rJui^^ C/) undo" p' C/), wlier« C/Uiviiindexoff QnUne^jitidhvtil. ircinc*^ HUliHlIiiiilnAl 


P.V(P»\ Ui) 4- Pi\ Vi) 

piVCp*^ P.", Ui) 4- p/, U,) 


p< **. /H' \ p« 

piVtP?. pT-Vi/o + 


•ml /i 
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Bupplementary intcrcBfc. In this table the two meaaureB ehown are both 
fixed base (Laapeyre’s) indices. One of these measures of changes in the 
coat of living, however, is based on average 

in 1D17-1918; the other is based upon purchases in 1934-1636. Most 
notable is the fact that the percentage difiorence between these indices 
during the period covered is at most 1.1 per cent. The c ear impic 

table 1 

PER CENT difference BETWEEN AND CUB™ OF 

LIVING INDICEB OP THE DUUEAU OP LABOUBTATIBII_ 


DaIo 


1036 Mor, 
July 
Ool. 
1030 Jnn. 
Apr. 
July 

gtjpt. 

Dofl, 
1037 Mur, 
Juno 
Sopt. 
Dcfl. 
103B Mat. 
Juno 
Bcpl. 
Deo. 
1030 Mur. 
Juno 
Bopl. 
Pqo. 


IndicoH 

1036-30-100 


Old Index 


Fixed budget priced: 
1017-1018 
nvornga puTchacoB 


07.B 
07.6 
08.0 
08.7 
07-0 
00,6 
100,0 
100.0 

101.7 
102.0 

103.2 
102.0 

100.7 

101.2 
100.4 
100.4 

00.0 

00.2 

100.4 

00.8 


Cutrenb Index 


Fired budeob prioodj 
1034-1030 
Avorego purebnaca 


07.8 
07.0 
08.0 
OB.8 
07.8 
00.4 
100.4 
00.8 
101.8 
102.8 
104.3 
103.0 
100.0 
100.0 
100.7 
100.2 
00.1 
08.0 
IM.O 
00.0 


Per cent 
Dilterencflj* 
Old Co 
Current 


0 

0 

0 

.1 

,1 

.2 

.4 

.2 

,1 

.2 

1.1 

.4 

.2 

.3 

.3 

.2 

.6 

.6 

.2 

.2 


* Signs Ignored. 

Bo urea; U. B. DuroRU of Labor Staliallco. 


Uon i. tlmt evo. over long period, ol time-m thi, 00.0 17 yooJB- 
Btabilitv in the pattern of consumption may be very great. 

Me 2 pre.onte value, of d Iron, 1020 to 1040 but pot o^ thotand 
Ide^ly required for the purp»,. »t forth in th.. paper Idcady, d 
ahould bo eomputed from indico, measuring elmage, m 
ing for Bomo fairly homogencou, group sharing a roug y 
standard ol living; the coat of Uving index in nhieh ehiof interMt lies, 
1 is «..t tor urban wage-enmers. The retail pnee indiecs ol 
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Table 2, however, meoavire price changes only for JenlirS in rclail atorca, 
and ot coiirae cover Mai aaluB of Ihia kind in Uu*. L’niUMl Ktalen. 

NeverthelCHa, in the nljHciiec of hetlcr dabi, l)ii‘ rcJiiilts are of eome 
intcrcBt. They allow noUiljly low valin-B of d. C'h-nriy, Uii> aize of <l ia 
subject to cyclical awinga, rtaching niiixiiinmi valu«« regularly nl ihe 
peaks ttuti troughs ol bufliness eyclen.' Indwl, inkrn in ennjuiiclion 
with Tabic 1, there ia lliu BiiRgefllion llml cyelicnl awiiigH in real in- 
comca fuid relative pritx'n may huvn grcjiler ofreetw upon liic i>nlb>rn 
of confiumplioii Umn the secular {■hanges over « pcriofl iis li>ng no 17 or 

TAlll-K a 


VAi,ur» ov If. iiACKU u.v KKTAii. I’IIh.'I’, iS‘)»U'r.rt 
oK iiKi’AinwitNr or t ouMKin k 


Daio^ 

Irtidi 
1030 ‘ 

L 

tiled Wdsliteil 

Wei lib U 
fiiMHHf on 

In 

1030 

-IfXl 

i* 

VAunl>l<> Weighl«>il 
Ihdni; 

on 

In 

ytrM 

d 

Pnr rent bf 

1030 

iai.8 

120.0 

1.4 


124.3 

133.0 

.0 

1031 

107.0 

igo.o 

.1 


03.7 

03.4 


1033 

00.4 

oo.a 



Ofil.B 


.1 

1035 

103.a 

102,0 

.3 

1020 

mA , 

J03.J 


1V37 

iiM.a 

105.0 

.4 

iOSB 


10K7 

.0 

1030 


too.o 


1040 

■■!■■■ 

101.1 

.1 


* Tudox num1>aM for vmr years Bub»K^u«til to imti nre ik>i Bulicrtl lo «<f lahU nnd 

tliQrcforanrooui(tl«fl;iof}frOClfon(^!owgQ *Hc»nia IsrtHKiinfr, JinjiK'CfLijbrM.*' 

t vnluon o[ wlien ozpr«Mtcd m uf Pure 0i« fur rvriy In 

1020 Uio Vjiltio of </, H'Jfflfl m fv i>«r coAt L, fa lAi; n‘f«<n a «tjiI nf /*, ft 

U li-IO. 

Source; U. H, DoPferlmenlof Commorco. 

18 yoatfl. NeverthelcBS, it ia most important lo note Ihut llic rnnsiinuiii 
value of d attained during the entire periiKl in only 1.4 per cnnl. It is 
on tha basis of this maximum valuo-~-roumling the figure to 1^ per 
cent'—that the limits to the true indices in (li) imd (7) were OHtiOili.'ihcd. 

TCf* tlio rQninrVd of Frodorfvk C. MilU In PUtik, Jolin l>. And Pruro U., U'nareh fn 

Ai^ieuitural /ntfci fiOdAf Oiunrjf, ffulfotfn p, 

iTUn vAluq of d in 11120 wli^n blAt«<l In rvUtlvo i^rrnA with inrloi jvfi In, cArfli^ 

to Lw’O plnciu, JJl p«r Mnl; when ffUlfhd rdulJvdy }» pf Vtniarhit'g iho vhIuo vI tl Ij» i 'JO 

pet cent. 
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Thus, applying these limits, if Laspeyre's index in any given year 
were 110, then the tmo index (/o), baaed on the base period real income 
level, would lie between 110 and 108.4. Similarly, if Paasche^e index 
stood at 109, then the tme index (7i), baaed on the given year's real 
income level, would lie between 109 and 110.6. 

This analysis shows, fcJicrefore, that Laapeyre's index, may indeed be 
conaiclered an approximation of the correaponcling time index, and that 
the maximum error of this approximation may be estimated. An 
analogous statement applies to Paaschc^s index. Moreover, although 
tlie data above by no means constitute conclusive evidence,® there is a 
clear indication that the error involved in these approximations is most 
likely Very small. 


BOMB ECONOMIC IMPLICATIONS 

Ill conclusion, a word concerning the economic implications of these 
findings may be in order. The principal assumption upon which the 
above analysis was based, aa previously noted, is that tastes do not 
change appreciably over the situations compared. There was also the 
implicit assumption, obviously closely related, that over the time period 
consklerecl the bulk of goods and services remain about the same in 
variety aiid quality, Those assumptions underlie all theoretical an¬ 
alyses of cost of living index numbers, and it appears agreed that— 
except during periods of violent social upheaval such aa war—they 
ofTcr eufRcicntly closely approximations of reality provided the period 
consideved is not too extended. 

Now it has been indicated above that, thcoreiically, the Laspeyro 
and Paaachc index numbers would exactly equal the corresponding 
true coat of living indices if (1) there wore no changca in relative prices 
from time to time, or if (2) tho elasticity of demand with respect to 

■ Tbo writer hns been informccl hy oOlciolfl of llio U. 8. Bureau of Iinbor BtallaUcB that Iho Bureau 
pinna to oonducL norloiiicnl Bluclics of WAeC'cnrncra' budRola—probnbly onco n yenr. Thcaa data, when 
nvnilablo, will mnko poaaiblo Iho conBlruclion o( PnaHcho'a Index pcrlodlcallyi and, in turn, mcanuTo- 
mcnls of d suited directly to the use propoacd lu Ihia nrliolc. 

Cf., for Qxnmpio, Btaohlo, op. ci(.| p. 104. Blnbilily In the pnUern of conaumpLion over Lime for n 
cloarly defined Rroup buoIi ob wage-cnrncrsi na well os for llio nation aa a whole, baa been one of tho 
ouULandiiiK rcBuUs of budget eludics conducted in Ibis counity. Tliia nnd olhor evldcnco domonatralo 
beyond ciucatlon that ciiotigcs in IftNlcB i\ro uaunily gradual, allhougb accelGmlcd by oyclicnl influcncca, 
and ordinarily nfTect only a fow coniinodillca ovon over fnirly long poriode, Slmllnrly, Ibe variety and 
quality nf llie bulk of nil olfcicd (or aalo ordinarily remain about the eanrio over reasonably ox- 

londod porloda. The fact DnH minor chnuKcn do occur rather frequently can In flomo mcaeuro bo ofleot 
If tliQ maker of llto Indox iminber coiieeriicd pulB lo uao (bo far ns poMiblo) wimt Keynes termed tho 
"molhfid of cquIvalonL flubBtiluiloii.” (Sco A TrtatiBe on Monev, Vol. I, 1030, pp. 103-104.) Of rourao, 
if ]t fa [jclloved tJiAl fundaniGntal ohanpes Imvo oucurred In either tho tantes of con<^umcrR or llio kinda 
of gooda ofTared for pido, or noth, neither Lnspoyro'ii nor any other index can be Bald to opproximato 
the (rUo index; from a prnotfifonor'a pofnL of view, iLie continuity of tho indox muat under Ihoae eir- 
oumstnnccA bo Intorrupicd in order to obango llio coinpOBlUon of Uio bauo period budgol priced. 
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prices were zero for all goodH ami Tlie firal romliiitm means 

that all pricca cJiango from time to Linn* by relnlivi' 

The second condition mcann that giMjda niid wervirrs lire comnimwl in 
constant proportions rogtirtlices of ciiangea in relative priecs (although 
proportions may change in responfM.’ to varialions in money prices and 
incomes). Obviously, ncilher of these comlilinnsiH tenable. 

However, it has been conteiidi^fl in Ibis jiaper tlint (he l^aspeyre and 
Pooschc index numbers arc closr approximalUmn l«> (llunigb lliey are 
not identical with) tlic true cost of living indices. This nuH«'K a f|Ucslion, 
mth respect to the abovo caruiiliona, of “more or li'ss" ratber than of 
“either or.” Tlio aggregate amount of ex|K*ndilurc'S \vagc-eariii»rs are 
required to make in order to maintain a given piano of living is alTdcted 
(A) by changes in money prices. It is nls«» iiflectod by (H) cliaiigps In 
relative prices and the odiuHlmcnls in coiiKuinplion pnllemH inndc by 
consutners in respome lo Umc rcfdh'ir price changes. Tin; cfTects of factor 
(A) are measured by tbo true erwt of living indices «s well as by the 
Laapeyre and Pflnaelie index numbers. The elTccls of factor (B) arc 
measured only by Die tnio Indices. In ceonoiiiit< ternis, therefore, the 
findings of tliis paper suggeut that the efTccta of factor (B) arc onlinarily 
very small, porliaps most often negligible, when compared wiili the 
ciTccU of factor (A)." 

An nmtlyiU of (iHoo t>t*bAvtor nml ol corsnum^r from IhU x^\n\ iif rHw Rh^'uM prob* 

nbly bBM Ihbi out. Moil ihiuvlyKA Art U> hluhlti^bl n^vi frimAhK prit* AUd 

CQiuutxipilon oh&nited, for It U ibm dlffcrrthrts ^bifrb provide Itdtiyhi inUt Itpbttvinr. Af iiiaHv, 

however, iba broAd dtnlUilUe^ which ovfrf Unw far oulwoiih ihn tliffnvnrt*. Whih ielatlvi 

prfeefl, In deUtl, chufifitf oomUnUy, the wdrrol relAifve phCcA rtmiMriif olirityA «Uiut rhn 

Par «v«inp1<i Lo iho wrlrtr'a hnowfe^KO i«mlviloln nlMk Ia ml nil llntc-« Afdy blHbur ihan 

)>cof liver, eveti ihouKh ilio einoL tUrfeienilAl muy Mful tltrrt ebPDgf, Himilnrly, (nvfit ihiiuiih rortsumerc 
ohnnite their peiltorn of conturnpUon in ropitort^e prlnnii Iht* p«r*i^l^n^y of CMmovin )iAhi(« And 
convenlloiu la ob\'loUAly fnr moro InllganUAl titan iho oc^AAlrtnnl mtHlirfCAiioiM. 



THE COMPUTATION OF PARTIAL CORRELATION 
COEFFICIENTS 


FREDEnrcK V, Wattqh 
OJTtce of War Mobilualion and Reconversion 

I P WE have already computed the partial regreBsion of on xj,) 
ni and its standard error, /S6ifc,28-*0fc(-’- nj it is a simple 
matter to compute tlic partial eorrclfttion between xi and xjtf 
fi. To simplify the notation we shall designate the partial 
regression as bu.; its standard error by Sbik^, and the partial correlation 
as rjfc.. 

A simple relation between these measures is 


rijk. 




( 1 ) 


where N' rcprcBents the number of degrees of freedom,—that is, N' 
equals the number of observations, N, minus the number of variables, n. 
If we want the corrected partial correlation coe&cient, fn,., we simply 
replace N' hy N in the denominator of (1). 

So far as I know this formula for computing partial correlations is 
new. Certainly the computational effort is much less than that requited 
by methods in common use. They are not well adapted to the computa¬ 
tion of partial correlation coofTicicnts. 

Wo shall illustrate the use of (1) by reference to two examples chosen 
from Ezekiel's wcU-knowu text.* On pages 469-477 Dr. Ezekiel shows 
in detail how the so-called "Doolittle Method” can be used to compute 
various measures of correlation and regression in tho case of a given 
numerical problem of four variables. Using xi as the dependent variable, 
he computes tho following regressions with their respective standard 
errors: 

6n.u «= - 0.810 ± 0.233 
bi3.2i => 0.180 i 0.030 

l)u.53 ~ 0.390 i 0.169 

Ilis computation of the three partial correlations requires three sepa¬ 
rate, and additional, applications of the Doolittle Method. If wc use 
the method BuggcBtcd in thie paper this work is unneceBSary. Using (1), 
with iV = 13 and iV' = 13—4=9, wc got 

^ Mordocul llliokJoh Methods of Correlation Ajinlvsis, Ascond cdlllon, lOit* 
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WfaSlO)’ + 0(6:233)* 
O.IKO 

+ V'CO. 186)'+ 0(0.030)* 
-0.391) 

+ v(o: 3 ao)» 4 - ofo.iM)’ 


- 0,7S7 


O.RDO 


- 0 . 544 . 


Tlio above niinplc (.‘omjMiliLtiotiH rviilnec Kjsckiel'H 'I'ulilrH 03 mill 01 
and the coinpulalioiifl on iihrc* 477.* 

In the othor illiialruli<iii wn hIiuII roinimU* llu* abHohili' viilnoH of 
Bevcrul pnrtial correlutiDiiB when wc know only Ibc rnlio, iS'hu./hm;, 
Dividing botli the mimeralor qikI dcnoinimitor of (1) by bn., wo have 


1 ru.| « (2) 

This eciuation is UMful iieeuuno mionHiomilly only the ral'ion me given 
rather than llic coolflcicula LheinBclvea. 

A case in iioint in u table in ICwkicl, Kunitnarixiiig the I'eaiiUH of two 
rogreesion annlyflcs baserl upon two Hlinlieft of fneUini ri'liilnl lo milk 
production per cow.* The fimt two culumnn of Table 1 hIimw tin* Htjnul- 
ard error ratioa na given. From thcBO we compute, the IiihI two eohiiniiH, 
using equation (2), with A^' “ H5 in the cone of the Wiseonnin study, mid 
with W'^OS in the cnao of the MinucBoUt study. 

To determine the signs of the pnrtial correlalioiis in this tnblo wo 
would need to know only the signs of the (mrliul regrcssiniiH, hiuco the 
sign of any partial correlation coefficient is the wiiiie ns tlu* nigii of the 
corresponding partial regression coeflicienl, 

Tho sixteen partial correlations in Table 1 were coinpulcd in Hlighlly 
less than twenty minutes. It would have taken many linurs to eompiito 
them by sixteen applications of the Doolittle McIIkhI, 

Derivation ojforimdas. Formulas (1) and (2) can be derived fritin two 
previous papers liy the irreseiit writer.* 

»Iiicklenlnlly, Uiopnrlinl rorrclMlonfl compulMl iiotnuron ta-ilh ili'VM'iii chi* fiinl 

T}r. (second ffdfOori. A flow prinifnff ol fhl® hitq jitiil !«-(*« mntlr^ cJic rvirrrl pflr- 

tinls, wldcl) diode \dlli Ihano B^vori horo. 

I Oj). ci'f., pftfto 827 , Tnblo 7 fi. Vfo bnva converltHl iho UinUddo orfftr 1AII08 {** ^^Ahdivid 01 mr inHbfi 
by muUlplyiiiK oneb by 1,48268, 

1 V. WttURli, “A BlnipliGod MolUnd of Dot01 mining Mullif^lo lUtfirMlon CNnittlftnU,' Jourpol 
o/lho Awrrfcan Ai/ipcidUort, Vol,30 (1036), pp. flU+’700. 

Pi Vi Wivughi *A Nolo Concornln^ IIoUUiiih'h Motbodof iTivrrlin^ 0 NIaUIit-'’ Annol* 

of A/4<6flmnfical Sfafuffc^, Vol. Ifl (1016). pp, 216-217. 
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TABLE 1 ' 

COMPUTATION OP ABSOLUTE VALUES OF PARTIAL CORRELATIONS BETWEEN 
MILK PRODUCTION PER COW AND BEVERAL OTHER VARIADLES 



RoUilvo error 

Abaoluto Values of 

Partial Correlations 

Wjsconaln 

study 

1 Mionosota 
study 

Wisconsin 

study 

MinnesaU 

study 

Total (jlBCBllblo nutrlonla 

I ,178 

.170 

,620 

,6B0 

Nulrltlvo ratio 

.184 

.141 

.608 

.000 

Per cent oi protein ■good” 

.420 


.250 


Per cent of llmo 

.OOQ 


.103 


Per cent of Bummer foedmB 

.250 


.380 


Per eont ailaRo 

.310 

,203 

.322 

.621 

Fnl Lest of milk ^ 

.157 

.055 > 

.608 

.014 

Per coni fall /rcffhoninB 

.274 

.175 

.308 

,678 

Value por cow 

.307 


.310 


Ago of cowa 


.256 


.424 

Per coni grain In ratio 


.200 


.383 


Briefly, the first of tlieae papers showed that if the inverse of tlie com¬ 
plete moment matrix is D, and its elements are dnj the partial correla¬ 
tion eocfiicient 

rn- = 

that 

(li\ = l/{mn - hu,mit — tu.mjs - ■ - . tin,U) 

and that 

d}k — di{bik- (B) 

ThuB, after the I’egreBsion coclHcients have been computed (4) and 
(5) give us two of the three values we need in (3). The missing value is 
that of djife. This value, as well as that of rfu and dik are computed by the 
procedure outlined in my 1935 paper. But tlie methods explained by 
Fisher and Ezekiel are based upon computing the inverse of the incowi- 
'pleia moment matrix, obtained by eliminating the row and column 
representing the clependcnt variable. Fisher and Ezekiel, thus, compute 
the inverse matrix, C, the elements of Avhich are c,y. 

But, when we have computed c.y, du, and bijb. we can uae the results 
of my 1946 paper to show that^ 

dii - Cii + dnhii.hi). ( 9 ) 

* ZloUi rny pnpor Arwl HflroIfJ Ilolelliiig'if, ’‘Sowo Now Molhodo of MntrJT CnJciiJAliDii,^’* AfiJiaJs e/ 
Arnf/icrnnticnl Sfoa'sfice, Vol, 14 (1013)j pp. 1-34, wore prcnonlcd ns monna of cojnpuLlnR Iho InvoTBO of 
n squaro mnltiz of 2p rowa llmt whr pnrlilioncd Into four P-Towcil mntrlcCB. But the sumo rcaulta cftn 
Lo oLlftlnccl if any atjuDro molrix is no pnrLlUoncd LlmL llio matrix Inbclod, a, in my paper la H(iuaro. 


+ a/SuSh 
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Itr is possible to use (0) locoinimlo llio cmiipIcU* inverwi, D. Forrmilos 
(1) ntul (2) reriuirc only llio cornpiilalion cjf llic. iliagonnl flctrirnls, 
du, TlicBC can be written 

(fjtji 'I' rfii^^u-. 

Inserting in (3), the vnlucs in ( 5 ) ari'l (0), we hnvo 
rfiifcu- ^'1*- 

'h i' ) All . 

-ly--;-! I,,. 

But, since 


(7) 

( 8 ) 


(8) can be written 




Uej 


Ckt 


rik. 


bn. 


Since writing Uiia paper I Imvc foimd lliiiL Dr. M. A, fSirahick of the 
Unitnrl States Depnrlmeiit of Agrirnllnre lian workul indepcinlcnlly 
upon Uic problem of increnaing the order of an iiiversp luatrix. niid lias 
actually computed the compteU; inversea of n innniier "f nialrices by 
the repeated uso of ((I), Dr. Ciirnhick and I have tlovclopctl Hiinplo 
work Bbccta for using lliia inclhocl to compute «ucceH«iveIy u l-rowed, 
2-rowccl, . . ., n-row'cd malrijc, by adding a row nt «(eit. Tlie 
number of naultiplicalions aiipeara to bo alrnoal ideiiliiml to llie niindtcr 
required by the DooUlllo Method, 



AN APPLICATION OF SEQUENTIAL";®- 
TESTING STUDENTS 

Dudley J. Cowdbn 
VnivQT^iiy of North Carolina 

This paper provideg an illustration of an application to the 
field of education of a technique hitherto used mainly in in¬ 
dustry, The ofFoct of aystomatio stratified sampling la briefiy 
disGuased, 

S tatibticaii methods have recently been developed for the con¬ 
trol of quality in industry which arc adaptable to the field of edu¬ 
cation. In industry quality control serves two purposes: (l) control of 
the process of manufacture; (2) control of the quality of accepted lots. 
In acceptance control one or more samples from each manufactured lot 
is inspected to see whether the lot should be accepted or rejected. 
It would be desirable to accept all good lots and to reject all bad lots; 
but when dealing with samples one cannot avoid malcing an occasional 
error of rejecting a good lot or of accepting a bad lot. Having defined 
what is meant by a good lot (say one containing onc-half per cent or 
less of defective items) and a bad lot (say one containing five per cent 
or more of defective items) it is then possible to set standards of ac¬ 
ceptance and rejection which will give any desired degree of assurance 
against making either of t])e above meiitioned types of error. If one is 
to select a single sample, however, and base his decision on that sample, 
the size of the sample required may be very large, and the amount of 
inspection, therefore, very largo. Fuvthormoro, for some products the 
testing is destructive, and it is highly desirable to have the sample size 
as small as in consifitent witli the requisite ends. Consequently, a very 
interesting procedure has been worked out, known^as sequential sam- 
plinOj^ whereby items are tested one at a time (or in small groups) and a 
decision to accept or to reject the lot made as soon aa enough data 
have been accumulated to justify one of these decisions. One never 
Imows in advance liow many items will be required to reach a decision, 
although an estimate can be made of the average size of sample that will 
bo needed. If the quality of the lot is very good or vory bad a decision 


' Tho llicory of Aoquctillal aniTipIliiK nvob worlicd oul by Abrolinm Wi\l<l, For tho muthemnllcftl 
Uigory nco Abrulmni Wultl, “Qoquonllul Tgjitfl of SlftLlBliciil HypolbcscH," The Annals of Mathematical 
JStoIhties, Vol- XVI, Juno 1045, j>p, J17-180, For n aborlcr nnd Irjw mAllionmlkol tronLmonfc bod 
Abrftlmm Wnld, Molliod of Biimpllnjir for Dccldlne botwcon Two CourscH of Anllon,® 

Jaurtial oj the Arnt'ricaa Sintisiical Aeeoelaiion, Voi. 41), Ocplembcr 104fl, pp. 277-300. Vor rlolnilod 
InatriioMon concornltiR Lho uue of Ibo moLliod bco SULiiilical ncBciiroli Group, Columbln ITiilvorflity. 
i^cgurnfi’qf Analyala o/Dataf Appl\eaiioM, Cglumbfa UnJvorsKy PresA, IDld, 
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will gflncrfllly Ijc jraclicil wilh a flinall if iho f|HU)ily of ihp Jot 

is of an inlermwlintc cliaraclf'r ft vrry Inrgo fainplo may I»n nquirctl. 

WJicii an cxaniinalion is givrn lo ft fthnl' nl il {'oirirtirrm'^' Imppohii 
that not enougli quwUons oro askwl to fKrrnit n fair i VnUmlion of hU 
knowledge ftiid aWilily. t'li llic ollior imii'l the oxninhiftlioii ih Bome* 
limes clrftwn out longer than is neewnry. If n sludcul is v-i-ry gorw) or 
veiy poor only ft few qviCHtions nmy Ik- rimhsl ifi ts»inMi-,li litis fuoi 
beyond roMoimIde tionblj liul Itorderline rIiuU'iiIs shoubl l<f l•XftIniued 
ftt conpklcrjible leiiglh Indore deeiding wlii'lher Ihey idmuM hi* pjiwtetl 
or fixilwl. If KCriuenliuI sampling i« umsI ihe fult* of g»nsl hiudi-nls anil 
of poor aludeiUs lenrls to Ik* tlelernkinfil rpiirkly, IniL mwlittero hUi- 
drntfl must conlinne uillt Jin* c'xnniinnlion unlil lln* nwiillH give mle- 
qiintc grountlfl for ft decision. By uhw of (he setpifiilinl nu'lhml the 
number of tiueslionB niisworwl Ity a sludenl is nsluctsl lu u rniniriiuin, 
and III the bhiuc time the iirolmhilily of luuwing ft poor situleiil or 
fftili'ng ft good Bludent is conlrolhsl. 

The writer rcconlly eonduelcsl iin exjK'riiiienl with Ihi* niuLluxl of 
sequenfinl annlynis os purl of a finid exitiniimlion in ft si nail rlusa in 
clemohlnryslftlislicsftl (he Univeraily of Niirlh t’nroliim. 'rim in('llio<l 
Wftfl used ill ndniiiiiHlcring n Iriiedalse. fj:nininftli«»it. 'I'liiH esiiininalioit 
consiKla of 200 queslions, clftssiried inlo ten KcelioiiK nreonling (osiih- 
ject nifttler with a varying nuinlmr of question in llie differeul Keelionn 
ftad Arranged williin clftssoa nccorflirig to degree of dininilty. 'J'Ik ho 200 
qiiOJilioUB mny l>c regarded iw a aanipln from ft murli larger list of 
Bimilftr queslions width could he nakeil. rnal experience* over severnl 
years iiulicfttoa llmt the IchL scorea slumld he gnolnl iw in Tiihle 1. 


TAHI E I 

PER CliNT OK Enuona and tJllAniai os a TnPE.RA!AtB KXAMIS'ATIIIS 


Per ecnl «rrt)i# 


C IrniJ^ 


so Di l«u 

XIoTo (UitP 20 but iQcluiJInK 27 
More iHitn 27 but Including 32 
Xforft Ibitn 32 but SncludinK 9 A 
ffcira (linn 3d bu( fncfudiiiK 

More tlmn H 


A 

W 

V. 

t) 

K 

F 


On tho bofiifi of a parliculnr nal of aupHlioiiH \l wouUl li(‘ i^lrul to pa-SH 
every Btudent wlio coiUd annwor mort* lltuii 05 prr (!(‘ol of nil ([Och- 
tions of the typo included in thU cxninination, niid fail (‘Viiry Htudent 
wlio could tiiiawcr Icbb tiinn 05 per cenL Bill of cniinie a /^m'adc’i niu- 
dent might bo so imfortunalo as to draw a sot of rpjriilinnH tlial u™ 
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unusually difficult for him, while an B-grade student might be lucky 
enough to pass because he drew a number of questions that were quite 
to his lilcing. Consequently we must make some compromises. First, 
we must decide the proportion of good students we are willing to fail 
and the proportion of poor students we are willing to pass. Also (unless 
these two proportions are to be complementary, such os .8 and .2, or 
.4 and .0) we cannot make a hairline distinction between a good stu¬ 
dent and a poor student, but must leave a zone of mediocrity into 
which some students may fall. That this is true may be seen for the 
case of students who are able (in the long run) to pass exactly 65 per 
cent of all possible questions similar to those in this examination. If 
we fail 20 per cent of these students on a given test we must of course 
pass the other 80 per cent. But if we arbitrarily decide that a good 
student is one who can answer 70 per cent of the questions, while a 
poor student is one who can answei’ only 60 per cent of the questions, 
the pro 2 iortion of good students whom we fail need boar no relationship 
to the proportion of poor students whom we pass. The finer the dis¬ 
tinction we make between a good student and a poor student the 
larger the number of questions wo must ask in order to have the de¬ 
sired assurance that the right decision will be made. 

In the present instance it was decided, largely on the basis of judg¬ 
ment, that we wore willing to fail not more than 20 per cent of all 
students who could answer 70 per cent or more of the questions, while 
we were udlling to pass not more than 10 per cent of all students vvlio 
could answer 60 per cent or less of the questions. Thus wo were willing 
to fail one out of every five C-grado students and to pass one out of 
every ten F-grade Btudenta, Let us adopt those conventional symbols: 
pi, the maximum proportion of errors in all possible questions of a 
given type made by a student who is definitely good; 

P 2 j the minimum proportion of errors in all possible questions of a 
given type made by a student who is definitely poor; 
rt, the probability of failing a good student; 
the probability of passing a poor student. 

The numerical values which wc have determined, mainly subjectively, 
for these constants are: 

Pi = .30 a = -20 

j)2 = .40 i3 == .10 

It may seem outrageous to tho reader that we should be willing to fail 
one of every five C-grado studonts. In this case, however, an injufitico 
was not inflicted, einco at the end of each "round** of 20 questions the 
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flludenl was giv™ the option <l) of AccrpltriR lii” Krndo. provitling iho 
reaullfl were de.tcrminato, or (2) of eonlimsihg wiMi the esnminatioti. 
It wtw more important not to pass very pimr airirf »*)i(‘h slu- 

dcnia would not usuntly exerrisfl Iftcir ojiiton of eo/itinning with ftp 
ouiminalioit which they had alvmly pa'«^^«l. Alf'O it mnsl Wt* remcra- 
berecl that the Irue-falac tiiie*lionn rnn'^litHti il only Imlf of the finol 
oJtaniuinlion: the oilier fmlf conxiHifvl of pryhli-in.^ I'innlly, lln; grade 
in tlie oourao was only partly ih-lrrinimil hy tli'* gwlo on the final 
examination; five ont’-lionr qui»E<'« wen- K'Vrn during llii* term.* 
With rcflpcct to the Irue-fnlso Irwl, if the rr-.iilla wort* iii'lctcrininalcal 
the end of 20 (itiCKlioas the sliuU-nl wnf rf^tjuirrsi to Inho 20 more, 
moking 40 allogollier. If Ihc rcjiuHf* Wrn> niill in'li'lernnnate. 20 more 
were answered, fora total of CO que^dions, NoMudi nt was rcqiiircil to 
continue beyond 00 quoKlionH, nor p(‘mriltr<l to t’cmlimu', l»(‘yoiifl 100 
queslionB. Some upper limit was nmwary lHTnua« the jn riod of time 
allotted to the. examination w as liiiiih'il. 

UflingZ?! (dcciHion number 1) to indicate the number of qiieftiions 
that can l>o mii'Hixl and still permit a student, to Ih (ilecif'ion 
number 2) loimlicnle tlic number of qiu'elirins tlinl muM. lie unavvcr(!d 
wrong before o Btiident is failia), niid A** to iiidirnie the cumulnlivc 
nunilicr of quealionR answc.rial, the. melbrsl of seqnerilial uiialysis lias 
been worked out ip aucb a way Dial two linear equritionH result: 

l?i w at -f- 6i 

Di K" oi d* hhl. 

As can bo Been, the Btraight lines representing llirse two efiunlioiis are 
parallel, and differ only as to tlm coimlnnls rti and o,. 'riu'Se cim- 
BtnntB depend on the vahiea of pi, pj, «, iiiid fi ndo[0ed. 'Jlu*. more 
widely Pi and pi differ the eloaer fogelher the two lines will Iw*, and 
theroforo the more quickly will a (lecision bo reaebed, 'rbi* larger the 
value of a or 0 iho smaller will he the value of rij, niid llio larger 
(algebraically) will bo the value of Oi. Tberefore, to bring Ibe two lines 
closer together wo must incrcaso a aiul/or 0. ax is ahvay.H iieg.iticc, 
since answering all questions correctly does not very ■‘’Irungly indieiitc 
knowledge of tho sulijcct until n reasotinlile number of rpieaiions are 
answered (what is a reasonable number dcfiendH on ibe viibie ndojiled 


* Wfl IhunhavoBoVflUoUiiftrrAtlfJiiBiin lli« nblHiyof^ijirb AUtlani Iri AvprnB*»nr ibtirnuKA 

of icrniloq for nny gunlflnt li Uio fitr o\U of llnia In Mm|vtrliN^ii wlih ihn irM 4>f Uiia Aiuilmi 

TTiR/ bq eaniili]ot 0 (l *oal of DAntro1”;An(l IiIiumc mtiv l,a Ih^Iibb qivnik h 

Uon in iho eaurqo). In Intliutry A •control ehMl* U Ronornlly u*ikI ht k plmihi Pi.r n Aliii|‘le 

•ipoalllon ol Hio ©onlrol cliiiTt mftllwtl mb AmorlMh BUnditiilt AwoHmIoji, CbnfrJ TAorl of 

f7(»n/ro«<rttf gwofify Ditrinp production iA3A Zl.S^Wm, Nnw York, lOi?. 
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for fiy becoming larger as ^ ia mado smaller), On tlie other hand, aa 
13 always positive; but a decision to fail cannot be reached until 
Di^Nf since a student cannot miss more questions than he answers, 
when a^p, 02 = — ai, The slope 6 is independent of a and but de¬ 
pends exclusively on and p 3 , b is not only the slope of the two lines, 
but it ia the limiting value for per cent of errors for Di and Dj as iV 
approaches infinity (see Columns 3 and 6 of Table 2). In the present 
instance tho values (to two digits) of pi and pi were chosen so as to 
make the value of 6, which is the dividing line between passing and 
failing, .35 when rounded to Uvo digits. 

TJie Gonstaiitfl ai, and b are easily computed after certain intor- 
medintc values gij hi and hi have been obtained. These intermediate 
values are also useful for other purposes, which will be explained. The 
formulas are given below, and also their application to the present 
illustration: 

gi = log— log—^ « ,124938; 

Pi .3 


(7a 


h 


h 

b 


log^^- — = log — = .066947; 

1 ~ P2 .6 

1 - a .a 

log—— log — 

.1 

- - --= 4.700 

ffi “h (7i .191885 



0i + 02 
02 ^ 
(7i + 02 


.9 

lOB- 


.191886 
,066947 


3.404 


.191885 


.3489; 


- oi; 


fij) 


D, = - 4.708 + .34891^; 


Di 3.404 + .3489JV. 


Appl}dng tlieso equations we obtain the results shown in Table 2. 
Each value recorded for Di ip the next integer smaller than the num¬ 
ber obtained by the formula, while for Di it is the next integer larger. 
In Ihifl table deciaion munbers are shown only for selected values of iV. 
Actually it would bo possible to fail a student on tho basis of six 
questions if ho misses all of them, or to pass him on the basis of 14 
questions all answered correctly. Tho grades shown are those of Table 1. 
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In ciMC the cxflnimslion einlw Uefora « flUtislirftl jlwbloti w reached 
within the framework of the »(K|uoiilbl saniplinff i»lnn, the uludcnl U 
given the grmlc indicnle by Table 1. 


TAni.K 2 

DBCiaiON NWMnEH« AK1,» ntUhFA F(*n PTI KCTTH 
KUMhEtUI «'T yi‘l«TKiKH 



Number of 


:1 

f'l j 

1 


Number of 
QuealiciDB 

«^riorr 

for 

Pfz nsnl 
trf UrthcM 

Ciir4e 

, 

f\i'’ If 

fw| 1 

rVl ir-i??.! 

(Ma4<P 

;; 

ill 



iU 3 

! 


90 


10.0 1 

A 1 

n 

U 0 

Y 

fQ 

6 

n.t, 

:i 

)«i 

«3.0 

Y 

00 

10 

ofj.r 

u ] 


1 41.7 

K 

SO 

n 

SIS H 1 

r 

32 

40.0 

K 

100 


30.0 

c ? 

an 

' 2».0 

P 

2og 

60 


l> 5 

23 ! 


K 

1,000 

344 

04,4 

n i 


36.0 

y: 




11 j 


34 m 

n 


•If nn lar^ft numtK*rof <rruW ftni- 

c«ivRbly l>e iflftclitHl ^hlrh itruM bm<ily l>?wrt « nlwtlisfil. wr-w r l nii pR 

t( M iV ». Hy iK»Uriir^ A pliftMly IiJRlfai rA]«»« U t fa a mIw" iif n^rily 

.OA^util Uq- olilAiiiMl for fa, aixIaii *unrAT<jrab!0'* «Ur»ai>nt» fllviAy* Tas} a alvtUnl \:'pt irajvlann'rif 

Pi Pi ■ft.'f.iir pi M,;iAru) pi 

TAm.K 3 

aKBULTS OK K TUUFr»PAI>WR KXAMINATlflN l?BINO IHK 
BKQUBNTlAIi MatllUll OP BAMPMN^d 
(Afl^r ORch ruma U InillrAttM ih» nurfitH’r fif (iit)|ii. ll»ci RtAiJft I f a 
diKimn M KRcWI) 


N 

20 


40 

00 

m 

Flrwl 

n, 

2 


0 

10 

23 

Uiadn 

1 

Carr: 

0 

C»rt: 8(A) 



Crtir: A 

2 

Horn; 

D 

HoU: n 

HdU: 10(11) 


Ibdi: 11 

3 

Abel: 

0 

Iforn.: 11 

AM: 17 


AM: C 

4 

0111: 

7 

Bwan: 11 

Horn: 18 


Horn; G 

0 

Ifart: 

7 

Abel: 12 

Hwan: 18 


Hflnn: (! 

0 

lIoU: 

7 

Gill; 13 

Ford: 10 


Ford: G 

7 

Bwnn: 

7 

liRri: 14 

Oill: 20 


Gill: C 

8 

Lninb: 

a 

Ford: LO 

l^mb: 23 

lAfnlK28 

T) 

0 

Ford; 

0 

Lamb: 10 ' 

llnrl: V0(F| 


HmC: F 

10 


n (Fj 


— 


Hrro: F 

Z)i 

11 


18 

30 

32 



In Iho present caao wtiidcntfl were reciuirwl to annwor 20 cinr^tionH 
oacli '^roiincl.'* Tho seta of 20 quostionH were not Hlrielly random 
sampler. For round one, all queationfl with iiuinberH nndinR in 5 wore 
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answered; for round 2 all questions with numbers ending in 0; and so 
on. It seoms plausible that the effect of this method of sampling is to 
reduce the sampling variability, and therefore to make the probability 
of failing a good student somewhat less than a, and the probability of 
passing a poor student soinewlint less than p. 

The rcsulls of the cxpcrimont are shown (using fictitious namas) in 
Table 3. Both of the students who went out on the unfavorable side 
decided to continue with the examination. One of them continued 
through 100 qucslions, but ended up with .more than D 2 eiTors. The 
other voluntarily terminated the examination with 80 questions and 
managed to gel barely into the indeterminate zone, bub not far enough 
to avoid a grade of F. (Tal)le 3 does not show voluntary continuations 
after a decision has been reached by sequential analysis.) 

Two questions remain to be answered. (1) How many questions will 
bo required, on the average, to reach a decision? (2) How close to ideal 
arc the results for tliis particular sampling scheme? 

The number of questions that tend to bo required depends on the 
caliber of the student. Mediocre students will lend to require more 
questions than very good or very poor students. The expected number 
of question U for each of five different types of student can bo ascer¬ 
tained easily by use of approximate formulas. Tliis is clone below. 


Proportion of quC8Uo7iS 
that loill be missed in 
popidations of qucslions 

0.0 

0 


Average miinher of questions 
required 


4.706 

.3489 


u 

13.6 


pi = .3 
5 = .3489 

Pi'=‘A 

1.0 


(l-a)/u-g/n .8( 4.706)-.2(3.404) ^ 

5-Pi ~ .3489-.3 

7? I = Nj?i = (13.488) (5.228) = 70.6 

a-0)h~phi .9(3.404)-.1(4.700) 




pi—b 

hi _ 3.404 
.6511 


.4-.3489 


= 5,2 


The next integer larger than 77 q is the smallest sample size possible for 
pas.sing a student, while the next integer larger than F, is the sinallcst 
pos.siblo sample size for failing him. Since most of the students wil 
tend to be C-gradc, and will miss about 30 per cent of the questions, 
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ahoul 63 qucfiUon* should In; rrquirc<l on Ih!-* ftvr-rsR**. In lli»' pm^enl 
inslaiicc! iL n])i>oura from 'I'alilc 3 !lt»t I hr Rv^rnsj,^’ nninlifr of quc*. 
tions rcquirwl for a dccUion Ik siirnr-whnl Iuir- r thou indirtilHl \\y llio 
formulna. It sceiiw lo tin* writer lhal iIojj Im nl. h-.ost pnrily orronnled 
for by the iion-r«ndom clinrnrlrr of iIk' jtnninh', plinuld havp the 

effect of rwluoing Uie sntnplinK vnrird.ilily.* 'Hk' nvrr«R«! nnodtpr of 
quoaliona rtiriuirtsl reucltts n nmxitimm nl n vnlu*’ ffir p thnl !■< rbwe lo 
lii 7?t*='71 ill thin cflfio. In gi ncral it h n«h'is.nlili' that tin' loacher 1)6 
proparocl to ndminiKlrr at Imt ‘ZJSi. qinhliojo*. If nlUiinnu-ol of the 
dcflired o1)j(!Cliv{!« in pmsible only hy umi* nf ninro rnn^.tiniiH llinn it U 
practical londininisUrr, out! hiukI ri‘vi.M‘ Ids i)l<('"<'livi,);. The nnnihtT of 
qucalionH rcrinircd can ho redumi hy ndopting valioii of pi. pi, cr, and /5 
BO 08 lo bring the valiiCH of ai and a* clwor tORollicr. Mt llnwlw of ac- 
complifiliing lliin rctndl have alrciwly lan-ii Riv»-ii. 

Compariaon nf llic rtjBulla of a given plan willi idt-iil can ho nrrom- 
plialicd hy plotting an rtpcrnfiiig cfinrocirnstic cunr. Hticli a curve is 
ahown in the ncconipnnyiiig chart. The huruonlal hnIh «how,H p the 
proportion of qu(‘«lii)ii8 which the Nludc-nl Icinis to nii!»n in llin long 
run. This is roughly on(!*i)nlf the quealioTia lo which In,' thK'Hii'tknow 
Iho jinawcrs, Rinen he. kIiouIiI giifsiW nlmnl onc-lmlf of llioHc eorrcclly 
anyway. The vertical axia ahows L(p) the prohahiliiy of p.at(.‘<ing the 
oxaminalioii. Four poitiU for this curve nr» nircatly known, while a 
fifth can bo coin puled very cnfllly. 


V 

0 

Pi 

h 

pi 

1 


Up) 

1.00 

1 — a .80 

hi .H.404 

an ijj sr« I. »ii- . 

h, d- hi 4.706 -I- 3.41) 1 
fi ^ .10 
0 


•Tlio tnio (IcoUlon nuinlxir lint* cun be bronchi doner by InMf&frinp « rtnrl/nr or liy 

employinf{ Ujo princlplo nf Himuncd SAmpHri^ end lbtj.ii trilurirK Ibe wtnipbhfl VftHuVHily. If Ibe 
lanipllnit variRblllly le raduced, but ibc Op mid Dj IlniMp eienix artHirdinitl)'brtiWRbl iniRMtier 
ton IdrKfl A proitorlion of Uio tniltiu «tin letid In rull In ibn |ndMr^rmirtms< iHirt! Wuren Ih Find imOl 
A fnlrly lorgo Aemplelti Accuniu1aied-1'n lake aii eKlremeilliHHriilitih. wlirre a eiudcnl nluvAyn tun* iMie 
lo farm And Lbereli lliereforo noNArnplin^ vnfinbdlly: (1) AdeHutnii *<i\l hevtfi i»<) reitcbtsi for b ^iMirdrr- 
linn* atudenli wlillb AdcordlnK lo rAinIpin cutrnjdinir ibmry ibe AverjiKi! Minplt* Inr re>tcMnu n th' 
olelon Is 70.A! (ti) A 'Aood* aiuileni eniinnl fell. And oah only by ArntyrcTiim 100 ipio«ibma mi'l inltMi' 
Ing .6X100*30 qu6:iUoTi«, ai compATed w(ib «n AverAAo Minple ejie nf 03.1 for Mnduiii nftpiMdini; 
(8) % poor fitudeni onnnoL fiAJui, nnd e^n Wl only by m^Awerlnn 80 r|\ie»UniM mlAnInff ,4X8033 
ciUfitlooejMooiiipArAdwUh AnAVerA|6iAtDp1eil»oQf W.7 ferUDdora linipIlnA* 



BEOUENTIAL HAMPLINQ IN TEBTINQ BTODENTB ODO 

The chart shows a vertical broken line at p = .35 (which is almost the 
exact value of b). Ideally all students should be passed for whom 
p<.35, and all students should be failed for whom p> .35. The closer 
Pi and pi are together, and the smaller the values of a and /3, the 
closer the curve approaches to ideal; but also the larger the average 
number of questions that will be required. 

OPEIUTINQ ClIAllACTICniaTIO CURVE 
pi».4|a-.2;S = .l) 



In administering this examination 20 true-false questions were first 
given each student. Thc.se were graded while he was working on his 
problemB. Wlicn the problems were turned in, 20 more true-false 
question were given, then a third set of 20 if necessary, and so on. 
Administrativo difiicultlc.s encountered indicate that it would be bet er 
to give (say) 40 questions on the first round, with a diminishing num¬ 
ber on auliscquent rounds. It also scemB that it would bo better to 
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allow onmigli licnp. fdr Uic t'Xftmirmtioii tn jwniiil fi« inniiy sw IM <]ues- 
Lidiw lo lie ftiwweml liy marRinal AnoUdT jioiiil lo ronuMcr 

iji wlicllnir il is licller lo givp n rnmlrun «ainj>I<' of •ini-Hiiniit* padi 
rouml, or a Hyalrmalir hlralifii^l painpV ^iirh a-s limt uwil in ihU 
cxiwrimciil. Kiiicc llin vnrifttiilily frnai tinmiiln t o i*nni|i!r« ii' im'wnninlily 
emaller for Uio more rciirm'ntalive syaSriDatir tiratifirrl hninple, and 
lliorcfore, ft|)parontly, the iirfibnl'ilily i« r(**|iieiHl nf uiijiiiilirmMy 
piissitig or failing a Hluitriil, il i*? Ilie writfr'.*! n|iiiti<iii tlial a J<aniple of 
Uio Lj’pe RoIor.Lcd it* liellrr. On llio olliH' liand. il, iiiif!;l(l In* worlliwliilc 
to work out Home rnmlifiration of llte tir<'.»ent foriiiultva for n.iit'. with 
proocdiirca of the type we have ileHcriltr-<l. 



THE STATISTICAL SIGN TEST‘D 


W. J. Dixon 
TJin.mTBily of Oregon 
A. M. Mood 
Io\ua Stole College 

Tliifl pjipot proHontfl and illuHiratoB a eimplo HtatiflUcal teat 
for judging whcliicr ojio of two inatorialB or trcatinontfl ia bot- 
Icr tlmii Iho other. The data lo which tUo teatia applied conBifit 
of paired obaorvalione on tho two matorialH or treatmenta. 
Tlio lest is bnflod on t]»o signs of tlio difforencofl botwoon the 
pairs of ohaervationa. 

It is immaterial whether all tho pairs of obaervationa arc 
comparahlo or nob. Ilowovcr, when all tlio pairs are compar- 
able* tiicro are more ofTiciont tesla (the t Lest, for oxamplo) 
which take account of tho magnitudos as well tho aigna of the 
difTcrcnccB. Even in this casoi the aimplicity of the aign test 
makcB it a ueoful tool for a quick prcliminnry appraisal of tlio 
data. 

Ill tiiifl paper tho results of previously published work on tlio 
sign test have been included, together with a Ublo of signin- 
canco lovelB and illuatrativo oxamploa. 

INTPODUCWON 

I K BxrKniMENTAb investigations, it is often clesirocl to compare two 
materials or Lrentmenfcs imclor various ects of conditions. Pairs of 
observations (ono ol)RGrvation for each of the two matorialB or treat¬ 
ments) are obtained for each of the aeparate sets of conditions. Tor 
example, in comparing the yield of two hybrid lines of corn, A and H, 
one might liavc a few rosuItH from each of several experiments car¬ 
ried out under widely varying conditions. The experiments may have 
been performed on different soil types, with different fertiliiioifl, and 
in dilTci’ent years with consequent variations in acoaonal elTccts euch as 
rainfall, temperature, amount of Bunshinc, and bo forth. It is supposed 
that Ijoth lines appeared equally often in each block of each experiment 
so that Lire ol)servcd yields occur in pairs (one yield for each line) pro¬ 
duced under ciuitc similar conditions. 

The above example illusti’ates the circumstances under which the 
sign le.st is most useful: 

(a) Thole are pairs of observationH on two things being compared. 

* Tliln jinpnr Ifl an ntlnplallon nj a memoFandiini nubmitlcd lo thn Applied MalhematicaPuncl by 
lllQ HUlhlicftI Ilpflcitrpli Ormip, iMncolon Unlvornlly. Tlio SlMliillcal Roaenroh Group oporalcd under 
a conlraol wllb ibu Olfico of SdoJiUfln Ilfararrh and DovolopmonL, nnd won dlroolcd by llie Applied 
MulhomallcBTapclof 111 d Natloniil Uefonno Jlcsonroh Cninmllloo. 
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00 Eoch of the Iwo olnwrvftliotn* c»f r givon pair nT«^<' iiftilrr similar 
c.onOilioua. 

(c) The tlifforent pairw wck; nl»)»rrv<«l nja>l< r iJiffi n ril ratnilirioirt. 

Thia Ia«t cotulilion gcncrftlly tiiakra ilir / t^s-f iitvaHiO. If lliw wore not 
Llic Ousel (Hint is, if all the pnira eiJ o1*?vrvRtii»nK werr r.itnajiarnMiO, the 
{teat would ortliimrily be cmploye-fl Ihr ro ro t.lb«-r rtwoiw, for 
example, obvioufi non-nwrm»Uly, (nr mil UfinRil. 

Even when the I Ifsl i» llir npiirnprinU' Itrliiiiuun tiirmy f'l rili?*lii?ian.s 
like to uKc the..sign U-st twenuw of iifi exirpim'* ^implirily. Uim merely 
counlH the niinilier of poHilivo ami m'gnlivi' «lifrf>n'ni'r’« nnd n frrM to n 
table of significanpR vnlucs. I’reuuently lim fpi*'>f'linM of eignifipiinec 
nifty be BctUed ftl once by the nign le.»t willnmt any n» (or cnleuliv 
tions. 

Itahould be pointeal out thnl, slrietly n|K'nking, llm nir-UimlM of lliw 
paper are applicable only to the ease* in which no li« ji in iirtirnl (•om- 
parisonfl occur. In practice, iiowever, even when ties v. onhl not occur 
if mcftsurcmenla were HufTiricnlly prccii^t', tic« do rtct nr ln'ciunm ineoR' 
iircmenla are often made only to tin* ncjmwL unit or lentil of a unit 
for example. Such liessiiould be iiicludiHl among lim nluxen nlioiw with 
half of llicm being counted a« positive end Imif ncgalive. 

Finally, it is osKumed Uiot llio dillcreiictis lieluccn imin**! obwTva- 
tioiiB are independent, that is, that Urn oulronu* of one pair of nlmcr- 
vationa is in no way influenccil by tho outcome of any otiicr pair. 

rnoegDURB 

Ivot A and B represent two mnlcriala or lrealinent« to be coniparcri. 
Let X and y rcproBcnl measurcmenlH made on A nnd /f. Ih'L the luiin- 
ber of pairs of obsorvotions be n. The a iniir» of obHcrvalioiw and iluiir 
diffeiencca may be denoted Viy: 

(ai. Vi), (*i, Vi)j ” ' I (*«i vO 

and 

Xj - Vi, Xt “ Vi. ■ • • I x« “ V». 

The sign teat is baaed on the signs of llieac differences, 'Die letter r 
will bo used to denote the niimlicr of liriicn the less frei|iicnl sign occuni. 
If some of tlio difTcrctLccs are aero, half of them will be given a plus sign 
and half a minus sign. 

As an oxamplo of tho typo of dale for wdiioh Ibc sign ti'sL is appropri¬ 
ate, wo may consider tho following yiolda of I wo hybriil linra of corn 
obtained from aovoral difTcrent cxporimontH, In thia example rt»28 
and r-7. 
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If there is no cHITercnce in the yielding ability of the two lines, the 
positive and iiegaiive signs should l)c distributed by the binomial dis¬ 
tribution with = The null hypothesis here is that each difference 
has a probability distribution (which need not be the same for all dif- 
fcrcncca) with median equal to zero. This null hypothesia will obtain, 
for ins banco, if cacli differenco is Byjnmctrically distributed about a 
mean of zero, although such symmetry is not necessary* The null hy- 
pothesia will be rejected when the uumbera of positive and negative 
signs differ significantly from equality. 


YIELOfl OP TWO HYnntD LINES OP COHN 


EKVterimQEiL 

Yield ol 

Sign q( 

Expcrimonl 

Ylold ol 1 

Sign of 

Number 

A 

Jtl 

t-V 

Number 

A 

n 

X—1/ 

1 

47.8 

4C.1 

4- 

4 

40.8 

41.a 



48.0 

60,1 

— 



40.8 

- 


47,0 

46.2 

— 


42.2 

42.0 

+ 


43,0 

48.0 

— 


41.4 

42.6 

— 


42,1 

43.4 

-- 






41.0 

42.0 

— 

5 


80.1 










9 

mSSm 

88.0 

— 


37.0 

37.3 

•1- 


■H 

31,1 

— 



* 



27.4 

28.0 

— 

6 

30.8 

37,6 

— 


28.1 

27,6 1 




37.3 

— 


28.0 

28.7 

— 



34.0 

— 


28.3 

28.6 

— 






2C.4 

20.3 


7 


40.1 

- 


20.8 

20.1 

1- 



42.0 

— 

9 

33.a 

82.4 

-b 






30.3 

81.7 

— 1 






Table 1 gives the ci'itical values of r for the 1, 5, 10, and 25 per cent 
levels of significance. A discussion of liow those values are computed 
may be found in the appendix. A valuo of r less tlinn or equal to tliat 
in the table is significant at the given per cent level. 

Thus in the example above wdiorc n—28 and r=7, there is eig- 
nificance at the B% level, ns shown by Table 1. That is, the chances 
are only 1 in 20 of oblaining a value of r equal to or less than 8 when 
there is no real difference in the yields of the two lines of corn. It is 
concluded, therefore, at the 5% level of significance, that the two lines 
have different yields. 

In general, there arc no valuc.s of r which correspond exactly to the 
levels of significance 1, 5, 10, 25 per cent. The values given are such 
that they result in a level of significance as close as possible to, but 
not exceeding 1, 6i 10, 25 per cent, Thus, the test is a little more strict, 


















TAUMS I 


TADLBi OF CniTtCAL VALUED OP r POU TffR BfOK TK-ftT 


h 

1 

Per Cent r^vel o4 
QIgnineftneo 

B lO 

30 

rt 

Per CVftI I>e rel fl/ 
Bif(tdrK:atif.a 

1 5 10 

25 

1 



_ 


51 

15 

IS 

10 

20 

2 



_ 

— 

52 

10 

IB 

10 

21 

0 

_ 

. . 

_ 

d 

53 

10 

in 

20 

21 

i 



— 

0 

51 

17 

w 

SO 

22 

6 

— 

— 

0 

0 

55 

17 

10 

20 

22 

0 

___ 

0 

0 

1 

50 

17 

20 

21 

23 

7 


0 

n 

1 

57 

IH 


21 

2.1 

B 

0 

0 

i 

1 

50 

IH 

31 

22 

24 

0 

0 

1 

1 

2 

511 

10 

21 

22 

24 

10 

0 

1 

1 

2 

60 

10 

21 

23 

25 

11 

0 

1 

2 

a 

01 

20 

22 

23 

25 

12 

1 

2 

a 

a 

02 

20 

22 

24 

25 

13 

1 

2 

3 

a 

03 

20 

21 

24 

20 

14 

1 

2 

0 

4 

04 

2| 

23 

24 

2fl 

J6 

2 

a 

a 

4 

0.5 

21 

24 

25 

27 

10 

2 

3 

4 

0 

00 

23 

24 

25 

27 

17 

2 

4 

4 

5 

67 

22 

25 

2rt 

26 

IB 

3 

4 

5 

6 

08 

22 

25 

26 

2B 

10 

3 

4 

6 

0 

02 

23 

25 

27 

20 

20 

3 

S 

fi 

0 

70 

23 

20 

27 

2fl 

21 

4 

0 

0 

7 

71 

24 

20 

25 

30 

22 

1 

0 

0 

7 

72 

24 

37 

26 

no 

23 

4 

6 

7 

8 

73 

25 

37 

2H 

31 

2i 

5 

6 

7 

6 

74 

25 

SH 

20 

61 

25 

5 

7 

7 

0 

75 

25 

26 

20 

3'J 

20 

0 

7 

6 

0 

70 

20 

26 

30 

32 

27 

Q 

7 

8 

10 

77 

30 

20 

no 

.32 

SB 

0 

8 

0 

10 

7B 

27 

30 

31 

31 

20 

7 

8 

0 

10 

70 

27 

no 

31 

33 

ao 1 

7 

0 

10 

11 

80 I 

26 

no 

32 

34 

31 

7 

0 

10 

11 

61 ' 

36 

31 

32 

64 

33 

a 

0 

10 

12 

62 

26 

ni 

33 

35 

3d 

8 

10 

n 

12 

B3 

SO 

62 

n,r 

3 a 

34 

0 

10 

11 

13 

84 

20 

33 

3,3 

30 

35 

D 

11 

12 

13 

85 

ati 

33 

34 

36 

30 

0 

11 

12 

14 

60 

no 

3.3 

34 

37 

37 

10 

12 

la 

14 

67 

31 

n.n 

35 

a? 

36 

10 

12 

13 

14 

86 

31 

34 

35 

36 

30 

11 

12 

la 

15 

60 

ai 

34 

30 

36 

40 

n 

13 

14 

15 

DO 

32 

35 

30 

3D 

41 

n 

13 

u 

10 

0) 

32 

35 

67 

30 

42 

12 

14 

18 

10 

02 

an 

ac 

37 

30 

13 

12 

M 

15 

17 

03 

»3 

35 

aH 

40 

44 

13 

15 

10 

17 

04 

34 

37 

36 

40 

4n 

13 

15 

10 

18 

05 

;i4 

37 

68 

41 

40 

ID 

18 

10 

)B 

no 

34 

67 

no 

41 

47 

H 

10 

17 

10 

07 

35 

3R 

30 

42 

48 

14 

10 

17 

ID 

08 

n5 

36 

40 

42 

40 

15 

17 

16 

10 

00 

' 3fl 

no 

40 

43 

50 

15 

17 

18 

20 

100 

no 

30 

41 

46 


For n>100i npproxlmnto valucnof rmny lio found hy talcitig ilioncarcal inlngcr f hnu |n -fcV/i. 
whgro A? "1.3, 1, .82, .E8 for the 1, 5,10, 3 5per tonl yflltiee reepccllvely. A cionur AppruxIniAtlon to iho 
values of r obUIned froirt 1 (ji — I)—A; Vii^ and Iho moro ^maoI vahinff of A-, 1 2870, .0800 .82LM, 
. 5762 . 
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tub statistical sign test 

on the average, than the level of significance which is indicated. For 
Hinall samples the test is considerably more st’ict in some eases. For 
cxainDle, the value of r for ««12 for the 10 per cent level of significance 

actually corresponds to a per cent level less than 6. 

The critical values of r in Table 1 for the various levels of significance 
were computed for the eases where either the +’h or -’s occur a sip 
nificaiitly small number of limes. Sometimes the interest may be m 
oiilv one of the signs, For example, in testing two treatments, A and B, 

/I may be identical wilVi B except for certain additions winch c^n only 

have the elTcet of improving li. In this ease one would 

only in whether the deficiency of minus signs (for diffcicnees m the 

direction A minus B) were significant or not In eases 

per cent levels of significanco in Table 1 would be ^ 

8 minus signs in a sample of 28 would correspond to tho 2.6% level of 

Bigiiificance. 

81 aB OF SAMPLE 

Even Ihough there is no real difference, a sample of f^r or even five 
wiSi vlU s .vliko ^vi^ occur by chance more than 6% o the tima 
Fmn gn3ike will occur by chance 12.6% of tlm time and five signs 
al^c will occur by chance 0.26% of the time. Therefore, at he 6% 
level of Higiilficance, it is necessary to have at loMt six pans of ^ 

SiiH even if all signs arc alike before any decision can be mada 
As in most statistical work, more roHalilc re.sulta arc obtained fiom 
a larger number of obHCi vations. One would not ordinarily use tho sign 
til for samples as small as 10 or 15, except for rough or preliminary 

^ The ouc-stioii may he raised as to the minimum sample size necessary 

nitclv large number of observations 30% + s nnu lu/o 

of finding a significant result ns neni o c minimum 

Table 2, this probability has been cliasen as 05%.^ ^ 

v.to of » (T'l vorlooo aotu*l par- 

to insure a decision 96% ol uic umo im- b 

centivgcs po and levels of -p of departures from a 

Tho sign test merely measures tlu. K d^g^-ibyted 46-56, then 
60-50 distribution. If the signs nic ac y . ^ the 

tho departure from 60-60 is not likely to be signiic 
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oamplo is quite large. Table 2 nhowa dial if die JfigiiH are netimlly 
distributwl 45“55, Uicn one iuhhI lake mnipIciH nf I,-*!!* priirs in cutler 
to gel a Bignificatit (leparlure from a iK) 5il tliHiriliiilion n( dm 5% 
level of aignificanec. The miinlier 1,297 i?« ‘iclrelf d fo give dm tlt^irml 
eignificancc 05% of Uic time; dial in, if n largi* tiuiiiber nf eainiilc'a of 
1,207 each were drawn from a If;-55 (li-^lrilDidon, llieii 05% of ihofio 
satnplca could he cxpecletl to iiuUcaU*. a eigitifiruiil dcparlure Qal Uie 
6% level) from n 60- 50 dmlrihulion. 

TAW K a 

MINIMUM VAI.UBH OP k HRCWMlV 'In I'IS'll PniNlVK’ASr 
UIKKKIlKNCEfl 0S?i OF TIIK rlMK Fon VABIOIfft 
oivKN i'm*i“(iin lo.NH 


n 



A 



r 



a ^1% 

t% 

10% 

JS'Il 1| B-IVi 




A6{.W 

1,177 

I,B07 

i.OJgfl 

1 



AtS 

A7J 

Aoum 


OJ? 

AQ7 

IPS 

JUS 

Hfi 

list 

S7 

.d6(.6d) 

JUS 

143 

tIH 

PiA 

7fV 


4if 

97 

.80 (.70) 

JCXI 

70 

til 

47 



26 

10 

,2S{,76) 

60 

40 

42 

91 

3J 

17 

15‘ 

19 

.20 (.&0) 

H 

36 

un 

31 

13 

11 

0 

7 


39 

93 

u 

U 

a 

0 

A 

4 

.m(.tK)) 

n 

17 

la 

u 

d 

i 

9 
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A^Q AppitnjmnU. Thu inJiKlmumMrctr 1^ alvjui A fnr llio r^f n, Anil 9 
(or Iha valvie o[ t. Tho Yilu«4i of n nnil r (lir 5% wrro Itnw H (iplprcnr* 1) vrjio nirM 

ftUblool rAlue^of n Audr (or imn^iiof Ahd a 

iIimIovaIuoa 

Of course, in praclico one would not do any Ic-sling if he. knew in 
advanco the cxpucled clislribulion of signs (dial il wna <15 55, for 
example). The practical significance of Table 2 is of Iho. following 
nature: In comparing two malorinls one is inleroKlwl in deli'riniiiing 
whether they are of about equal or of diffc'ront viilne, Heforn die in¬ 
vestigation ie begun, a decision rmisl h« nnwlc. os to how dillerent 
the materials must he in order to ho classed as dilTcrent. lOxprcsscd 
in another way, how largo n tliffcrcncc may he lolcralotl in the Htnlo- 
ment that "the two materials arc of about equal value?" This (lecision, 
together tvith Table 2, clelcrinincs the sample size. If one i.s inlere.slcd 
in detecting a dilTeronco so email that the aigiiH may he diHlrilmlctl 
45-65, ho must bo prepared to lake a very largo .sample. If, howevi'r, 
one is interested only in delecting larger (liffereiicc.H, (for exainiih!, dif- 
foroncea represented by a 70-30 dialrihuUcn of signs), a Hinaller Hamplo 
willsuflico. 

In many investigations, the sampio size can ho left undetermined, 
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the btatibticae bwn test 
and only aft much data accumulated ns is needed to arrive at a decision. 
In such cnsp.s, the flien test could lie used in coniunction with methods 
of BCfiucnlial analysis. These mclhotls provide a desired amount of 
information with the minimum amount of sampling on the averoge. 
A complete exposition of the theory and practice of sequential ana ysis 
may bo found in references 3 and 4. 


MOniFICATIONa OK THE BIQN TEBT 

Wlicn tlio (lata are lioinogcncoua (mcuaureincnta arc comparable 
between pairs of observalioiiK), the sign test can bo used to answer 

qiicalions of the following hind! 

1. Is material yl better limn li by P per ecntf 

2. Is material A belter limn B by Q units? 

The fimt ciue.sLiou would lie te.stcd by increasing Ihc mcasuroment on 
i by P per cent and comparing the rcsiills with the measurements on 

A. Thus, let , s / ^ 1 

(afii !/i)i (®ai 1/01 (®*i l/>)i 

be pairs of merusuremoiits on A and D, and suppose 

the hypothesis that the moasui'cmenlfl, a, on A wore 6% liighoi th 

to rlramcl., v. on li. 11.0 tet would .imply bo applied to 

the signs of tlic differcnccB 

xi - 1.05jfi, Xi - 1.051/1, xt - l.OISt/j, etc. 

In the CLWC of the second question the sign test would be applied to the 
diffcrenccH 

X, - (t/i + Q), *1 - iVi + Q)' 

T Mhm- case if the rc-sulting distribution of signs is not significantly 
d£S *m SoXum Oata are not mo.„.i.tc„t with a pjt™ 
answer to Ibo quosLion. Usually there will be a range of values of 
(or Q) which will produce a non-significant distribution of ■ 
one determines such a range, using the 5% level of significance or ex- 

rn»:l“ S WC bo moamnllul. 


MA-TIIEM/VTICATj AI'PEEDIX 

pair of observations {x,, vd there is a probability 
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AXIKRIrAh! RTATmTIC’AI. ASBOCIATION 


x,>yi 0’'®!, 2, - • ■ , n): p ik B«<uinp^l to l>p It !» also 

asaume<! lliat llic n pnim ol ol>«crvalt(m« ix„ y>), (i“l, U, • ■ •, ») 
are independent; i.c., the onlroiiit' (+ or for (x/, y/) iis tiidepemicnl 
of llic outcome for (x„ p.) (iVj). 

B. The Observations. TJio pnrprwo of oltlnininK ol^Kf-rvalionH (X(, yd 
ifl to make an infert-uce n-Ranlinn p. Tlu! nl.fUTvr'^l nn.miliiy upon which 
an inference in ta ho hw^i'ni in r, the muntwr of 4 '« or ■■•V fwliinhevcr 
occur in fewer niuuijcre) oMninrnI from n puin**! iiKnervalioiiK fx„ yd- 
On the himiH of tlie uwiiiinplion nlmve it foIlnuK Mini Mm prnhnliilily of 
obtaining exactly r na llie inininniin nunilmr nf l-'a nr in: 

[p^fl - p)""* + 7 i" '(1 - ;j)') r 0. 1, 2, • ■ • , - - •; n <«ld 

>1 — 2 

r « t), 1. 2, - • • , ——-; n even 

(i«) “ P)*“ *■ “ t ” 

C. TJie Inference. In the nign lent the liypnllieAiH being lenlciliH 
that pn»^; in other wgrtla that the dwliihuHuiiK! nf the iliffercnecw 
Xi—Pi 2, • • • , n) have zero inMliitim. For Mie iiinri' geui'ial 

tostH diHCUfUjcd in Bcction 5, the liypnlhi‘««iK ia Ihal the iliffeieureH 
Xi—f(l/i) (f™!, 2, • • ■ , u) havti zero ineflinna. Thn fiineliiin/<;/) iniiy 
he Py or Q+V (where P and Q are the eonnliinlK inenliniK‘<l in Seel inn 
6 ) or any other function appvopvialts for cotuparivinn with x in ll>c 
problem at hand. 

The hypothesis lliat p®® J in UsiU'd liy dividing Mie pon-sible viduea of 
r into two closBes and accepting or rejecting the liypoMiesiH neeordiug 
08 r falls in one or tho olhor class. The clivsHes are eliosen ho as (n nuikc 
small (say ga) tJio chance of rejecting llie liypolheKiH when it in 
true and also to nmkc amnll the chance, of accepting the. hypnlhesi.s 
when it is untrue. It can he shown that in a ei'rtuin KeiiKe, the hesl set 
of rejection values for r is 0, 1, • • ■ , P, where li Ji'pi'iulH on « and n. 
R can ho determined by solving for fi«rTUwiiuum i in the iiuiipudily; 

S(P(t) 

wliGvo /, (a, h) ifl tho incomploto beta function, Table 1 wfus coiupntod 
in this way. 

I An aadiilonnl mumpUon li Ihnl Uib proUnblUty Af^B( li 0: ihui Oia piobft^iilliy ii 

(1-p). 
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the statistical sign test 

D Samjile Sizca, When the aomplo size is small the sign test is likely 
to reject the hypothesis, p = i, only if p is near zero or one. If p is near, 
but not equal to i, the tost is likely to reject the hypothesis, v = i, only 
when the sample is large. _ 

The sample size rcquiretl to reject the hypothesis p = J at the a level 
of significance, 100X% of the lime, may he dotermined by finding the 
largest i and smalloBt )i whieli satisfy: 


unci 



p<i- 

/«.o\ J / 


n and t arc given in Table II for various values of p and a; X was taken 
to be .05 ill all cosc-s. The talmlar values for i-p are the same na those 
for V liocause of the symmetry of the binomial distribution. 

E. EiTicicncy of ihc Sign Teal. Let z=x-y. Assume z is normally 
distributed witli mean a and variance a» Tlio probabahfcy of obtaining 
a + on a particular Z( \h\ 

p = - 

\/^Tr J -ii/- 


An estimate of p involving only the signs of z,-(t-1, 2, • ■ •« 
an estimate of (a/.). Cochran (reference 2) lu« X sTi^ 

samples the variance of this estimate of (a/cr) 13 2irp(ir e / 

^'°Thc efficioLy of nn estimate based on n independent 
is defined a-s the limit (as «-»«) of the ratio of the variance of an ef¬ 
ficient oslimnto to that of the given estimate. An cfricicnt estimate 




where I is Student's I and 2 = ^zifn. 

The variance of tins osLimato is 
of the sign lest is c"‘'l2irvq- li" 


11(^1—2)] Lima the eflicicncy, E, 
0, then p = i and the efficiency is 


2/7r = 03.7% 
The proce 
vnluc,s of ti, 


IK {liHCUHsioii pertains to loi-RO values of a: for smnll 
cflicioney is a little Itelter than 03.7%. Compulat.on. 
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AMEUK'AN STATIWTICAI, A8«oamON 

were mnHc for fl-ovcrnl smallpr valiirs of n, for nwl8, 30, 44 

pairs of oliscrvalions at Iho 10% level of U ajis fouad 

that the Jiign tr^L using 18 pairs of oKservulioriHi is npiirosirtialcly 
eqoivalciiL to the Ural iiRin-R 12 pairs of ohservjitinns; for 30 piura 
the equivalent Meat rcfpiin-s lietwerri 20 niid 21 i.iriirN; nnd for 44 
pairs tile equivalent f-tr'St requir«>« helwoen 2H mol 2U [mim. Cochran 
ahona that the efriciency of r/n for raliiunfiitg c (leereaai's as |c| 
inercaacH. 

ur.FRHEN‘rrji 

(I) W. MacSlcwnrl, 'A r»«(c on (lie fMiwpr tif tJip nign i-j-sl," Annofi oj Moiht- 

jMofiVfl? Afnlolfnj, Ye). 12 OMU, pp. 2;!C» 

(2| W, tj. C'oclirnn, “Tlic efTnimriets ef llie liintirnial iurrit a lest nf aiKiiinrancc of 
a mean aii<l of a cnrrelalinn rf«>fririrnl," Joiirnnl /O/j/dl .VOiO'sIimI ,Swi'((v, 
Vol. (I, PiirtlflOW), |i|i.n9--7;t 

(31 A. WaliJ, “RcqoRnlial melhoci «»ni|iliiiK (*>r i|pirMioit Uflwt'en iwo CflitowK of 
action,"/ourMflMm«riV(ini?<«Ji(-/iVofHs«rWn(iVn, V'el. 4n(10ir0, pp, 277-300. 
[41 SlBlialical Ucjwnrch Cironp, Pnlmnliin I'liivewily, .SVijurnfi'of Aha/xm's of 
SlalulicalDola: Appiicalioitt (l9tS^, C'oluraliia L’nivcraily I*fc*ii, New York. 



TESrS OF INCREASED SEVERITY 

C. Wert CiiunciuiAN 
Univcraily of Tennay^i/ania 
JiKNJA&flN EPiSTtflN 

Coal UtacaTch Lahoraiory^ Carnegie IiialHuie of 7*cchnolog]/ 

CerUIn iJinnurnolurcd itome must bo produced of such 
qimlily tlml only u very nmaW fraction will fail when UBod. In 
proidcmH of lIuH Borl aUnclnrd eampling plana are impraclical 
because of tho oxccfisivcty largo aampto sizes required, In tbis 
paper >vt‘ conaidor tho alnlialical qiicaliozis izivoJvod in de¬ 
veloping an cfliciont sampling plan for sucli problems, and 
recommend a proccdiiro wliich hna been found very useful in 
biological assay and in tho tcating of explosives* There is good 
reason to believe that tbo same Btatistical teebniqUDB can nlao 
bo used in many other fields in which one is inloroatcd in 
sUulyinK tbo rcspoiiso of objoci« tested as a function of tbo 
strength at tho stimuli to which they am subjected. 

1. INTKODTJCTION 

T tikhr arc numerous manufactuted items which must be so con- 
sLructwl tliftt only a very Bmtvll fraction of Ihcso items will fail to 
perform under certain operating condilioufl, For example: (a) a 
munitionB plant is reciuirod to produce primers sufficiently sensitive 
to oufiure that v^ery few and preferably no primers will fail to explode 
under a /ipf^oified blow; (b) an aircraft manufacturer may want to bo 
certain that Um filrongLli of welds mcetH some specified requirement 
(c.g., one might require Umb only 1 in 1,000 welds should fail to meet 
shear fitress of X pounds); (c) a rope manufacturer may wish to make 
a protluct w'hicli will l)o able to withstand n steady load of X pounds 
applied for Y minutes; (d) the mnnufacturcr of electrical equipment 
may desire to make a iwodiict capable of withatanding some specified 
Voltage until virtually no breakdown of the electrical insulation; (e) 
ft drug manufacturer may uisli to to.st tlio effcctivenGSS of a dnig in 
destroying a cerlain organism. 

The (lata arising from all i)roblems of this typo may he termed 
‘^Seusitivity Data,'* This is a gomiral term applied to that type of ex¬ 
perimental (lulu for which the act of taking a measiircmcint on the 
object icHL(‘,d either (UsstroyM tho object or bo changes the properties 
of Uio object that it can no longer ho used in further testing, 

We flliftll call tho "stimulus^’ that condition to which wo aubjoct the 
samples, and wo shall call the stimulus at which a given object just 
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5(18 AlMir,BirA?i HtAtihlirAJ, AWOCIATIO}! 

fails tilt! ■'crilicnl stimulus*; IhM i.-*, f«»r a sUarnKm of Ir-is intciwily 
lliftn tlm critKal stimiiUis, ll»f* uiH nu! fail, ami fur a ■‘tiiiuiluB of 
grpalcr iniMwily than tin* riitiral stimidufr, ihu ul4}*’rt will fail, 'nicse 
terms are illuslmlpil in llic following csamplta: 


TtiU4 

Capa 

Tft^ e\J 

I)ik:t«r of i 

fVrJvu t}\ 

s*'! Id) Mip>k»A4i 

VrrMfl 


1 ly fat 

Tlppe 


l,« 1^1*1 y 1^? 

iMuImkn 

VnilUnn 

M F l*v I'j p‘AVfV>wn 

OritAHtBlAR 

l.Ht)Dh)rd of 

(ficj Jjin 


II is the purpopic of iliiw luifirr to give the gi'Mernl nifithetnalir.nl nnd 
altitifllirnl allnck recently ilevelopeil for jirohli'tu.^ of ihis nature and 
lo compare this approach with oilier current rnellnvls. HenHilivily 
problcins may he tlivulctl tnln two broad cnlegorir-fl: 

I. The npplicil blow or elimulus or particular teal cojulilioa will re¬ 
sult eillier in failure or non-failure of llie «|»efiineti lestetl. A nunierical 
VFiIuo cannot lie aliachcHl to the ri!flull of any leal. T’he Hpccimen eillier 
fails or piuiBe«, explode* or dor* not explcwle, brenkH or tliH-a not break. 

ir. Theatimuluu U ho applied thiileneh ohieet liulttl hna awtieiutcd 
with It a precise Hlimulua number (i.e., a value of lln* alinnihiH for 
which the object rcfipondn critically). For example, lo any weld .Yi 
there can he oaaocinted a abcar Hlreaii )*i. 

In lhi« paper wc alioll realriel ouraelvea lo prtihleniH heloiigiiig lo 
category I bccauBc the dnla asHocialerl with probleniH in category II 
may be reoiHly analyxc<1 by the use of kiunvn leclinirjueK in the elc- 
nicnlary theory of frct|ucncy distriliutions aiul curve filling,* 

It will be our basic aim in lliiH paper to shosv how one, can deter- 
mino Iho distribution of elimuli for which the ohjeelH will rc.spotiil 
critically, oven though it is imposHiiiic lo menaure. the, c.sact value of 
the BlimuIuH at wliich a given Hjiccimen will respond c.rllicniiy. For 
example, the physiologist is inlcresled in the value of the doHiige for 
which 60% of the apceimcna tested will aurvivc. Yet, in prncliee, one 
cannot arrive at the prcci.se value of the critical HliinuluH for each 
specimen by a inclliod of BucccoHive approximatioiiH, Hinco once an 
animal has been injected with any concculratioii of llus drug at all, 
it con no longer bo UBcd for further tcala.* 

1 Ai nil oinmplB of n proWlAin l>»lonitlnK lo eMe|«ry II Ma hw Billcb by C. R.llnrroU. ‘QurIIi/ 
Conlrol with BAmplJn* JimhwicUchi,* Afr^A^rtP/a/ $ 4 ,(I W3). 

■ See BlntlRiIoAl Ifoio No, 1, 



TESTS OK JNOHBAHUD SEVKHITY SQQ 

The parliculur use 0 / sensitivity data which wo will consider for the 
niomcn t will he the proldcm whether or not n lot meets the requirement 
tliat only a sinfill fraction (.001 or .0001 for example) fails under ccr- 
Iftin operating conditions; the inference is to be made from n sample. 
A number of incthofls can be used in testing such a hypothesis. Prefer¬ 
ence for one method over anollicr will be based on the principle tliat 
we desire tl»c maximum of reliable information from the minimum of 
data, plus the amount of prior information wo can bring to bear. 

At present llicre arc four methods availal)le for analyzing seivsitivity 
data l)clongiuB to category I. These are: 

1(a), Tevsts comluclr'd only at the slitnuUis required by the apecifi- 
cations. Tlu! subnullcil lot may l)c judged on the basis of the behavior 
of a sample at the specification slimulu.s; 

1(b). Tests cojuluctcd at some stimulus which subjects the sample 
to more slriugcnt operating conditions (c.g., to heavier IjIows, greater 
Hti'DRPca, smaller or larger doses of a drug, etc.); 

1(c). Tests condvicted at two and sometimes three stimuli, all of 
them being gfiiierally dilTcrontfrom Ihcspcciflcationstimuhis; 

1(d), Complete- run-down tests, i.c., tests conducted over a dis- 
ci'clo Bcries of stimuli from Liie sliimihis resulting in no failures to tlio 
BtimuluH yielding 100% failures. 

il. TESTS UEhOSaim TO CATEOOllY l(«.) 

Tesla of this type are usually inefficient, since one cannot get good 
assurance that iv submitUsd lot will have the high quality required by 
the specification, even if all inombcm in tlic Binall sample pass the 
test. In order to gel suoli asHuranco huge samples arc required. 

To bring the.sc. points into bold relief, let lus coasider tiic following: 
what can Im said about llio quality of a lot, if a random sample of 20 
or even 100 Ki)C!eimens lakoji from the lot contains no dcfective.s? 

The answer to this question is given by Llio following table* which 
gives the probfibility of accepting material of a given quality on the 
basis of sampU-.H of 20 or 100 if lire inapeclion plan consists of accepting 
if no d<;feclH occur, and rejecting olhcnvi.se. (Of course, if retests are 
pormitted the probability of ucccplaucc wifi increase.) 

For e.vitiiiplc, tho end valuas in the second line of Table 1 may Ire 
roful as folknv.s; if acccirlntrce is lursed sohdy on no defects in 20, then 
the eJiances arc 1 in 100 of iiccopling material 21% defective and 00 
in 100 of ace(!j)liug malciriiil .06% defective. Thus, a sample of 20, or 


* ftflo BUif^KcAl Nolo No. 3. 
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even 100, M< virtually i( rmr Ir» ai'^'p! v^ry few loU of a 

qualify level womc tlian .I^'lefr-rSivr, »ay. 

‘rhfi folltiwinp; grn<'ml rrmarkjii nmy U** inair Hlji’ kind of tral; 
(1) it* flrfwnfape i« lliat it makns nn rdiwil the lot and 


TAUI K I 


QOAUTi' or ints THVT MVY UK :v<'r-i.rT} r«»'■i!n5>r^<vt»ihrj in 

VABIOl'H rnoIt MUT JT|p« )r N.r» JU T) f 1IVS,!? \m; 
AI.IJlWIiH IS Tin- PVVIJ’JK 






tv^ I f f frl ^ twin. 


M\ M I h u,r, j/f 

lOO i.hVi ^ ^ 

the mclUod of in«|K‘Clion exet*])! riindtun fr< pr« si n(?Mliv<‘) .‘•iirnplinR; 
(2) il8 f/ian^uftn/ojrs am' lliaC. for ev« si n oorli- iflii* di ro c nf li.'.siinniep, 
largo sunipkia ivro nttodcul, fliul fnrllier, wiOtaul nddiiiiund iufornmliou, 
one cannot extrapolate from the inR|K‘c:lion l^tsl to all llic niiniy eoiuU- 
tiotis to 1(0 cxpcctcKtl in Pervice. 

III. TKflTB nRI.O.S'(lt.Stl T« CATBOonr l(l») 

The (ItHodvanlagea of te«la of type. t(n) U'ad tlirwily (n (i hls fulling 
Into catcRorj' I(l»). Why Hhoiild one carry mil tlm i> aIx at (hat (il iiuulua 
level wlucli ia to yinld Iww than ,l%fleWl.iv«-? Mr'hy net carry out llio 
teat under teat condilionH which nri* ko itevcrc Ihnl one iniiy expeiil ii 
larger percentage of the Itenw (20% or 60%, for ex/ioipli*) to foil tlic 
teat? Tliifl Idoaia certainly not new. Any areeleralnl lahoralory lest 
accoinpliakcB a similar purpose; test rondilioriH arc mi altered Hint a 
lot may ho graded more mindly and willi lm« work. 

In general, the Btlmulua which should give npproximalely .'50% fail- 
urea in the lot ia determined from a aeriea of inilinl I'oiiilueled on 
aamplos drawn from n lot which ia chasm ok alutidard.^ A nuiuhcr of 
fairly large aaraplca (in case of primer lots, 300 to ,'KHI; in ciusu of drugH, 
perhaps 100 nnimnla) arc taken at random from iho lol. Ivudi of these 
largo samplea ia broken up into a nurnijer of anmlier .suh-simiph'H, eueli 
Bub-aamplo being tcalcd nl a dilTerent HtiinuluH level. Troiii (lie oh- 
aerved set of pi, the fraction failing to aurvive nt (he .HliinnbiM i:*, it is 
posaiblo to obtain on caliinalo of llm diKlrihulion of eritieal Hiinudi. 
In particular thatatimulua for which one-half of the lolnl lot fails to 

* Thoro h it r^rlKln il^Rfen of ArbUiArinvAn nlUcfifeil l« K-Wlhn nf a niAutlfirtt l«it l‘ff»huinftlily 
Iho lot (loolKiiAtod u lUeidArd li ohoMn l>o(!«uio ll Klvofl Mtlbfiiotory ^f(trmMif"o oiwl h known to 

moollhftroilulTfimQplaof thoipoajQcaUoii. 
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Biirvivo can be eflUmalcd. For convonicnco tbia is tlio stimulus used in 
further testa. Tlic principle involved in olUaiiiing a ealilnalion distribu¬ 
tion is an impovtanl one. It ia the forarunner of the modern method of 
attack on Benaitivity problems, Wlion this approach is fully developed, 
it leads directly to the completely rundown in category I(d). 

One ahould note carefully that a fundaincntal distribution oasump- 
tion is made wlu'Ji lot c|»alily is judgcil purely on the basis of the results 
obtained at the stiinuiuH giving 60% failures in the reference lot, In¬ 
creased severity tests carried out at a single stimuluBj giving 60% fail¬ 
ures ill Iho roferenoe lot, aro spiisitivo inclicalora of flignificant differ¬ 
ences among lots at the specification stimulus, only if one makes a 
certain a-ssumption nliout the distribution of critical stimuli; for ex¬ 
ample, Dial Ihc ‘^critirol” stivtuU nrc normally dtslribulcd with a known 
slati/Iard dcviaiion w/n'ch is Ike same for all lois. If an o-saumption of 
this kind is justified, tlien a sensitive test for Bignificance can be made 
even with small samples. 

Ill order to got some idea of the efficiency of an increased severity 
test, consider Llic following example: (a) wc shall call acceptable any 
lot which has .1% failiiies or fewer at a stimuhie giving .1% failures in 
a sLamlarcl lot; (ti) we shall call imacccptahlo any lot which has 1% 
failures or more at llie stimulus just mentioned; (c) wo shall call 
marginal Ihoso lots wliich give between ,1% nnd 1% failures; (d) the 
risk of rejcoliiig a lot having .1% fivihiics shall bo .06; (c) the risk of 
accepting a lot having 1% failures shall bo .01.‘ Then, it can bo shown 
that even under llio best pixssiblc sampling metbods wc Blmll be re¬ 
quired on the, average to lake a sample of 028 specimens for lots giving 
,1% fttihircfl and a sample of 200 specimens for lots giving 1% failures 
in order to roach a decision,* 

Now, suppose that wc wore to translate the problem involving the 
discrimination between lots whiclr give .1% and 1% failures respec¬ 
tively at the HlimuhiB giving .1% failure.^ in the standard lot into one 
involving a comparison carried out at a Btimidus giving 50% failures 
in the standard lot, tlicn what sample sizes should be taken in order to 
arrive at a decision with the risks stated above? 

One can cosily coiistnict an increased severity analogue to the prob¬ 
lem just staled. The fuiulamentai assumption that the initial stimuli 
arc uoi'jnally diHlribiilod with the samo standard deviation means that 
the critical KtiinuUis causing 60% failure.^ in a lot having .1% failures 
at the Hpecification Ktimuius will cause78% failures in a lot having 1% 

* InAlitHiilirAl lotinfnoInKy, Utoproiiucor'nrfnkii tito conBtimcr'fl riek -P —.Ol. 

< (ioCnltd of micli cnIriitfvCfonA roo 'flctjudnlltil AnalyaJ* of AppJIcflllons/ 

AMP Rgpori dO.SH, He odon z, ra v/«kI. 
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fnihirtsB nt Ihts aiwrificalion fUmwiuK ’ t>raj*5iiialily Him fjlualinn may 
ItC vieuiiUaiyl ft* alitmii in Fiff I, wla-Tn* Ttisv*- A in. ]HAlnliulion of 
Crilical Stimuli in lut« having .l^ofailnir*’# ftl thi* fti^ ririndioiiftStnulua 
anti Curve B is Dialrihutiun «.»f f'rilKal tiJimuti in Inlis having 1% 
foilurea nl llir-sfanrifipaliori it.titiailn.p. TW, n r.oujwiMin Uelwcc-n lots 
having ,1% ami 1% fnilure®!) ui lln* ^^Im^lllis ha^i Ihh'H con- 

verltni into (inclw'twM fi InU liAviiig WCc, an«l hiilun-.^, rtn,-|Kxliv'ts 
ly, ul llie incrpaiwl wveriHy sliinnhtH wilh |)>«p>hn'« r's bU'! roUKuincT's 
rnks equal lii .05 bikI .01. ly 

It can he t-how ti llml wcaliall he mjuifrhil (n take uji the average a 
Rftinpln of 22 «peciiiien« for h>l« Imvin^ ''**1% hijUiri'^ii .al the inrreawtl 
weverily level ami awnnplo of IH BiMTimenH for l«*'t havint; 7.S% fniUirtst 
at this level in tmicr In reach a derihion. Thw nieans llml relinhlc in- 
fereneca may he drawn with greatly rtwlneed eanii»h'K if the IchLs are 
conducletl nl the incrmwetl severity level in the ninimi'r ilencrihwl. 

TliC following general remarka may he mmle nhonl in 1(b): 
(1) the fl(/wintoffe i« llml il i« ptwHihlc In |ire>licl fiiihirea nmler aervice 
condiliorw with a relutively ainull aBtnjile; (2) llu* disodtimlnjffa arc 
llml very alrong preau|»poHititJh« huihI he nm<le which cun inily he 
checked nfler roimidcrnlile cx|H<rtmcn(n(iou; in finrlirtilnr, iiol ciiily 
miiBl Ihc form of iht*. dialrilmlion funrlhm In* kiinwn, h\il, (vIku ihe 
Blnndnrd deviation. The Inller is UHiinlly very tlifluull to estinmlc with 
any salisfuelory degree of precision for this hind «r Biiici^ even snmll 
orrorB in. csliinulc will result in large errom in iirctlicihtn. 

IV. TEBTil IIHI.ONtSI.'tO TO t'ATKtSOItY l(cl 

In prncUcc it is found llml nol only tines Ihe value of tin' siiinuluH 
giving 60% failures vnry from lol to lot, hut so may tin* standard de¬ 
viation of the critical alimuli. If Ihia coiulilion prevuil.s, then an in¬ 
creased Hfiverily tost conducted at only one point will give mi.sleading 
and erroneous results. Such tests are inndt'rpiato for delet-ling differ- 
cncca among means due to the fnet that the wlainhird •h'.vialion may 
differ BignifacanUy from lot to lol. This will menrr llml the «lielrilnilion 
curves associated with each lot will no longer he cu])nhl(‘ <if transforma¬ 
tion into one another hy translation nlonn. 

llocognition of the fact that the Hlandnrd tloviiilion of Ihe nilinal 
stimuli plays a fuiulamciilal role in predicting fuiinre uudtT various 

» A* A o/ Hifl cl^alrlhiiUon titf* ttt 

iindar liio noTitiiil curve will cHow llml If lol A hM .1% fMlur## nl ili* jurrcillrstllMii mirnulvw ci ml Ifil 
liiw 1% fftllurec ai Llilc iltmulufl. then ilm cilrfiiiill nlving fmlur^A in ImIb A imil vrill ht a Oil* 
itwfty.rMpooUvcIy, from tho(i|»cciincMtnniillmultiii. Thin tneiiTw llml iht* MiMUiUm RivliiB M)% 
f#UuriM lu lol A Ic sajiftruiod by .70« from iho cUmulutt NivitiK m% Mliitr^A In I Ml it. I licrfinic- ili^ 
fillmulufl Riving 50% rulUiroBln lol A w1Uglvo7ft% MurInlet fl. 
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conditions hna led lo tcsls belonging to category 1(c), i.e,, increased 
severity teats employing two and possibly tlirco levels. In the case 
where the test is conducted at two stimuli xi and ij, it is customary to 
choose xi as that stimiiluB for which about 20% of the objects tested 
may fail to pass and xi as that stimulus for which 80% of the objects 
tested may fail to pass.® irt, tlio ti'ue fraction passing at slimulua Xi, 
may be represented u« the integral of a normal distribution from a:,- 
lo «I i.e., as; 


( 1 ) 





\/2ir(r’ 


The problem w to determine estimates, a and a, of the true mean, ii, 
and true standard deviation, <r, from the experimentally determined 
values of iri and ir» (denoted by pi and pt) at the stimuli ii and sj. 
Schematically, wo Jiavo: 

p, =ohscrved fmclion passing at Xi 
Tf = truc fraction passing at kj 

£=Hamplo estimate of Die true moon critical stimulus 
/(BtruG mean erilieul stinudus 
8 Bsample cHtiinati! of the true standard deviation 
cTBtnie standard deviation 

This can njndily be accomplished for a normal distiibulion by treat¬ 
ing tlu! experimentally tlcterminod pi and pi as the true in and xj and 
associating willi each pi a U, where U^Xi—i/a and where values of ii 
vs. Pi nro to be found in any standard tabic of normal nrons (e.g., see 
II. C. Carver, ".Statistical Tables,'' Edwards Bros., Iflll). In particular, 
we obtain the simultaneous linear equations; 


( 2 ) 


h B 


ii — S 


8 


u 


Xi — X 


8 


wliioJi mny orvftily ))o eoJvcd for x and s. The solutions arc: 


( 3 ) 


(Ih 

S 1 = Xi--- and 8 

t2 “ li 


d 



where d 


Xi — Xi, 


* 4ftluiilly. ll\r licnl t'nllinntcK nro iiiivtU If llto itorcoiUnKcn nrq 0% aiu( roapoodvaly, in Cho 
Noiiiia tlin mi Id III (lift vnifruint u( (lif Alnrnlnril tloviudiMi In ilicreliy mlnlmlcccl {ago J. If, Onddimi. 

of DifllOj/y AfMy,* rlc., Mtdirtil ficitKtrrh Caunai fiepartt ori Hioioifical tStandardu^ Sfjco. Hop 
Sor, Ko, J&3);hiJt/ornir)ML pforrrJuffvs Jl rifiky lo try /or Ihc^e vnliJOflJilnPOoaiD lo oblniji 0% or 
100% valuMj hiul Utn incllmil ennnoi tlii^n ho npnlicit. ConncqiitnUyi wUenovor pOHRlblQ. ono nhoiilil 
nim nl Iho minprliH: uf 20% inul 60%, 
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Tliia mctlio*! I'oi’ determining cstilnatoa of lht,« Dartinidters of the novnml 
distribution ia n apcrlal cane of llte “probit” nn*tliwl. It ftlso sijould ho 
noted tbnt as n direct conacqucnco of carrying out the, teat ftt two lisvcia 
wc can cofopard two lota not only oh to tlicir inoam, but alao a.-! to llicir 
standard clevialion or more generally na to M±^‘er* 

There may bn lulvanlages in using a third Hliimihlfl miibray botiveen 
tlic oUicr two stimuli. Such a procedure permits at least a crude cliecic 
on tlic tiSHwmption of normality by requiring limt tlie wiirldio Hlinuilua 
produco a ps which in turn will give a (fi, Tj) which is “close” to llio 
lino joining ll»e points (h, xi) and (/», xs). To flelerminc liow closely tlm 
(Ct, xs) should cliiBtcr nbovit lire line, one wouhl have to run a conven¬ 
tional regression nnalysis with weigliled coefTicients. 

In this connection, it should ho noted that if a sensitivity test is 
conducted at more than two levels, then Uic siinplo Cfiuationa (2) no 
longer suffice to determine £ and a. In lltc more general case where one 
has more than two number pairs (pi, x,), one deterininea £ and a from 
a least squares linear fit to the {usHociatc‘<l tiuinhcr pairs (/<, Xi). Tliia 
method is cumhewomo, however, since tho If do not have equal stand¬ 
ard errors.® 

The procedure for the two-stinvuli test may be suinmariwl as fol¬ 
lows: (1) teat a given wise sample at IwofflimuH Jfi arwl Xi, jirefcrably, 
though not necessarily, where tlic respective perccnlngos arc about 20 
and 80; o.g., suppose gi^3 foot-pounds, j!j« 6 foul-pourids in a teat 
where the stimulus is the energy of blow; (2) call the fraction unaffnclml 
at*i. Pi, and the fraction imalTectcil atfl-i, pt; o.g., say pi i.s .84 ami pt 
ia .10; (3) in tables of orrivs of the normal curve (see any standard sla- 
tisticfl text), find that value of L for which the area in pi (call it h), and 
that value of i for which the area is piic-g., for pi ■« ,84, fi“ —1.00, and 
for pae=.10, +1.38; (4) solve for i and s l)y the oquntions (3) given 

above; eg., in the example cited: 

2 ( 1 ) 

« «= 3 + « 3.88 

2.28 


4 


2 

2.28 


. 88 ; 


* VoT ft Aflcount of tlie af)i>)lcAMon ol Iha ifiolttod corlnln bloloiitrM firnlilnntv, 

C. 1. IHiw, *Tliy CitlrulnUou qf Iho DOiuirq Mfirullly (Wiive," <»/ A|>Mi#<f Wti/oti]/- 99, -107* 

H to 1)Q iif>tod tliAl In initny rioie# wltero llmcnilciilfillinuU ftra ool nnrinftUy UlniTlInit&d ihu 
tionof noTmAlitv mny bn ftMthncili If LlianllEnnh nreiuUjectnA \o oorinin (i\inlikr trrvDhloTrTmtlnq^, f.R., 
tlio lottariilimtQ. AlftoJhocriinpIcxiUeHtlnvolvait In nhWa meltiuA mnvbfr itvoMnAin 0 nM 1>y empInylriR 
tiioiCributlqn funAlioni lliM aro ptrnclit^lly (deiUlcnl «ll1t tbo nortnni, ot* lo tit Ibe lieU<'rl 

t.it„ Cite AO oalM 'growtli cutvn't iioA E. W* SVlIaOn AitJ WormUr, ^TIio Pelermfntktlon of 60 

Ah.d f(« Hrror (o nio-A^wyi* Frocudinfft //affonof Awiilahiv ScUna, 99, 10(3, 


k 
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(5) thoji, as a result of these calculnlions, one can predict timt about 
nine failures in 400 will occur at i-b2s, about four failures in threo 
lliovisand will occur at x+3s, about one failure in 100,000 will occur 
at i-l-'ls, and about three failures in 10,000,000 will occur at £+5sd“ 
The following general rcjnarks may be maclo concerning tests in 
1(c): (1) the admnlagc is Dial it is possible to predict failure under 
service conditions with r(!lalivcly smnli samples, and with no prior 
knc)\vUulg(t abovit the true mean or standard deviation of the distribu¬ 
tion; (2) the (linadvitnl((ffC8 are that some distribution assumption of 
critical rcs[)onscs must Ik; made which must be very exact if predictions 
far out on the tails arc to bo valid, and some knowledge of the 20% 
and 80% failure points muat bo had; (complete failure or complete 
auccoas is worthless information for this test), 

V. TiiSTB UBLOKOING TO CATEOOHY l(d) 

In the previous paragraph we have given, in essence, the treatment 
of Hcnsilivity data ns developed by Bliss, This has opened the way 
directly to a discussion of problems belonging to category 1(d) (i,e., 
cumplet(» run-down tests where the slimuii used range from the stimu- 
luK for which lutnc of llio oldects is alTcclcd to the stimulus for which all 
of the oltjcr.ls Icuied are affected). Bliss’s method is applicable to such 
problems. It is, however, the purpose of the roraniniiig portion of the 
paptU' to give an alternative method of analysis wliioli wo fool is to bo 
preferred primarily l)ccauso of its simplicity. The method wn-s fust pro¬ 
posed by Kjieurman in the treatment of prohloms arising in psycho- 
jiieh’ie.s and was reconlly generalized ))y the authors,We will assume 
Ihrougliout tlii.s Ireatmeiit that eithnr tho critical stimuli (or some 
Himph; fvine.liou of the critical stimuli such as tho logarithm) are nor¬ 
mally dlHlribulod. This sort of presupposition seems to be in accordance 
with the finfliiigs of e.xporimcntors in the field of sensitivity data and is 
e.crlainly needed if there is to ho any moaning to tho estimation of low 
Ijerccntage, points.However, it c,an bo shown that the normality of 
the universe is not a necessary condition in order that the method yield 
unbiased eslimales of /i and 

wTlip fHlIniitlo of n low pciconlitKo pofnl (.1% or .00003%) 1 b bnaodon Iho proaiippoaillon thnl 
thft uiUvMfin \liitlftr flludy in norninl or ncitrly normal "in Iho Ulla" of tho dfHLribuLio-n. TJiib could oniy 
lio 'iralMl* eiopliically l»y •» very furno nnmpio nt oxtremo rointii: oiid ovon if ono eamplo Mn- 

flffried flirt fforofftlUy no v^'fiuld not have any Kfcni confldoncoin flij)>tferiUDni Bampiofl- Ihe 

nro lo pp ni*y ntlrmpt to cnllmnLo iv low pnrnoiilngo point, or qIbo to miiko certain 
inrnupjHmillMHn a fi»r Uitjuiry. 'Die Inllcr nlloriiiitivo In not only Round moLlioilology» buL 1b 
cliurortlvilTilln <il hll nrlonlllio Iniluiryi for fuUi‘r c^plniinluMi, Uio rentier In roferrod to C. ^Y. Cburcb- 
innn, “iVolmbilily'lln’Ory,* /‘Ail, p/.SVicnrc, IB. M7-173 flOlA). 

'• fb HppHnnan, * I'lio .Mtilliod 'flfRlit ami WroiiR Cimrs' (confftniit «tlrtiull) svitliout Oniiaa' Lor- 
ffrrfMA Jfiurnql o/ Pai^cfiOlfl^l/. ff, nnd Kp'Jleln and O. W. ChuroUjunn, “On 

|)>D fd vily DalJi," Aaunh o/ Jl/alAcinnlirnf *Sfaliafica, 16, OO-DO (1041). 
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In Ifritif, Ulc ttltnck on problems in colrgory I(rt) usiing .Sp^tinnnn's 
method ishoswl on Ibc key aRsumplion Uiol if pt is Iho oV*»ervwl frac¬ 
tion unftfTcctcitl nUtimuluB x< and llm ohservcfl fraction miaffcclcfl 
at Bliinulua «,,j, then pt—pm is an cfllimalc of the fraclion just af- 
focletl (i.e.i Iho fraclion of thoHC that hove ‘'crilicar rtaininHcs) at 
about If wc nseumeiuilially tlint thexjarcetiually apaced 

and that nnd p,i=>0, then the set of data on critical reajionwfH 

may be iransformed into data where the x/h arc integers and the in¬ 
tervals are unity. In problems in the detonation of solid exploHives it is 
found convenient to liavc t)io strength of blows increase linearly. In 
biological prol.)lctnH it is customary to chotwo the dosages in such a way 
that their logarithms are ctpially spaeed. To take the Xi (or log id as 
equally spaced is convenient in practice, and Uiis furlliermorc loads to 
a great Himplificnlion in tins compulations. However, it is by no inc'ans 
Cflfiontial tliat lliis condition be true, Formulae cun easily be. derived 
for 2, «, the higher moments, nnd llio sampling errors, oven if Die X{ 
arc not evenly npnccd. 

In the second reference given in footnote (11), ono will find a coin- 
pUde method for determining 2, », the higher moments, and their 
sampling errors in terms of the ■«•(, the true, fraction unafTected. In 
practice, of co\ir8ft, ono rarely knows tlio irj but docai know the ju, the 
observed values of the fractions unufTceted at sUrnuIiis ir, It is |)<>sHi)de 
to give unbiased ceUmatca for f, « uiul the sampling variances of Iheac 
unbiased eBlimalca in terms of the P(,but the. proofs will not be given in 
lliift paper. An outline of the key formulae is given in iStatisUcal Note 
No. 3. 

The geneva! remarks about this test are: (1) the advanUige is that 
with a idalively small sarnplo size, and simple compulations, otm is 
able to predict failuvefl over a wide range of applicatioiiH without 
presupposing the paramotcre (mean, standard deviation, etc.) of the 
(lialrihLition of critical roeponses; (2) the disadvantage: is that for pre¬ 
diction purposes, tho form of Iho <listribution function of critical rc- 
sponsca must bo presupposed, especially for prcdicliona of very low 
percontago pointa. 

By making the transition from category 1(a) to category 1(d), a 
step of groat importance has been taken. Wc have been able to ineretmo 
enot’inoufily tho o/lieiciicy and precision of the inferences tiuit can ho 
drawn from small samploH. This is chiefly dne to tho fae,t that wo an> 
now ablo to treat tho senBitivity problom in such a way that an at- 
tributes problem has boon Iranslalcd into one involving a conlhniouB 
distribution. This means that oven though wo cannot mcosuro the 
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crilkftl Hlimuli for any of the objects under lest, we can still associate 
with any lot actiml muubers, namely, S, the estimate of stimulus for 
which 50% of the objecls will respond, s, the estimate of the standard 
deviation of the critical stimuli, and finally by proper choice of fe, 
dolcrmine the stimulus for which any pretifisigncd fraction of objects 
will resjiond or fail to respond. Knowledge of e, £±ks, and their 
errors will ijrovc very useful in comparing the qualities of two or more 
lots. Furlliermorc, control charts on £, s, and i±A:a when applied to 
a siieccHsion of lots coming from a common eource nto very informative 
in dctcctiiiR significaut shifts in sensitivity level or the lack of control 
in individual lots. 

It will ho noted that the choice of the four tests discussed hero de¬ 
pends upon two things; the purpose of the test and tho amount one is 
willing to presuppose. If the purpose of the test is to predict over a 
wirle range of possililc applications, testa under 1(a) are the least satis¬ 
factory. It is to bo cmpiiosizcd that presuppositions must be made in 
every test procedure and the strcngtli of the presuppositions must bo 
weighed against cost and the confidence based on previous experience. 

VI. OPEUATINO CnAllACTEniaTICB OP 
TESTS OF INCREASED SEVERITY 

Tim diseussiun contained in the previous sections can be summarized 
conveniently hy operating characlcrislic curves (OC curves). These 
curves really tell the whole story behind an inspection plan or an oxpevi- 
meidnl design for Ihoy give the prolialulitics of acceptance (or rejec¬ 
tion) for any given "true” state. For the method of calculation of tho 
OC eui v(:.s tiisciisfiGd in this section seo Statistical Note 4. 

As a simple example under 1(a), assumo that tho inspection plan 
detnands aeceptaiico only if no defects occur in a sample of 20 (i.e., 
reject if one or more defects occur in the sample.) The resulting operat¬ 
ing characleri.slic curve is shown as curve A in Fig. 2; curve B ropre- 
Bonts an identical plan except that 100 are tested instead of 20. It will 
be noted that curve B is moved to the left of curve A, which means 
that the clinncc of accepting l)ad material is always less under this plan 
(a.s is to 1)0 expected, since the requirement that no defect occur in 100 
is much harder to meet than the requirement that no defect ocout in 
20), It will also be noted that curve B rises more sharply than curve 
A; a sleep slope In the 00 curve is always a desirable property for it 
means that the rislco of rejecting good lots, and the rislis of accepting 
had lots arc both less (provided the curve is properly “located”). Thus, 
the real advantage! of an increased sample is to bo found in tho sliarper 
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slope of the 00* curve, nnd if llii» filoiw e^n he jiijwle sharper by in¬ 
creased severity rather Uiaji incroiwcil eampling, a great advmUage is 
gained Lhondjj'. 

The gain in an inctx;a«ccl severity Irsl is shown in I'ig. 2.1’lan t! con- 
siatH of testing, in nccortlancu witli 10>)i at a Hlinmlus (ATp) where nl)Out 
60% of the standard product fails. It is a-ssutiusl llinl the Ktaudnrd 
deviation of critical Mtiiinili is unity and is coiistniil for nil lots; it is 
further assumed Uiat the critical itliinuh urn nonnally tUHlriliutisl. 
Tlic sUiiidard lot in tins case \v»w assumed to lie tnie wliieh woulil 
give only .06% faihnes at the spcciiiealioa stiimdus. It will he notfsl 
that do,spite the fact that Plan C emjdoyH the sanie sain pie «i*e as 
Plan B, the slope of llio OC curve is nuicli shnr|)er for C. The risk of re¬ 
jecting gotid material is less (.023 vs. .05), and llic risk of accepting Inwl 
inuterial is greatly reduced (e.g., if a lot lias 1% defectives, Plan C 
would practically never accept it, whereas Plan B would accept it 
about 40% of the time). 

In a large luimlicr of instuncos, Uio manufacturer is auxiuus lliril no 
dofeclivcs nl all he found in llio lot; of cunrsc, no sninpling jdnn covdd 
ever give aliBohilc assurnacc of Utia cpiality, hut it luay Iih (‘xtrenu'ly 
dcsirahlc to have a very amali risk of accepting materlnl willi, say, 
.001% defectives or more. Such items arc unually "pritienr in somo 
sense; that is, if tho item ia defective, comploto failure of a rather costly 
manufactured piece will occur. (An cxcollont example is llie jirinier or 
detonator in ammunition because these usually iniliule llti‘ propollanls 
and, if they fail, tho entire round may ho wasted.) In these cases tlio 
cost of tho item is usually small (tliough not nocas-Harily), an<l lliomiuni- 
factutor ia willing to increase the proilucer’H risk (risk of rejecting good 
material) in order to dccrcivso the eoiisnnuir‘H ri.sk to nn uiisolule 
niinimiim. 

In such cases, provided wc have no aecnrnlo knowledge of the varia- 
tbn of tho Btantlard deviation, Uio sehenies discussed in ciilegorie.s 
l(o) and I (cl) arc practically nccc-saai'y. iSuppaso wc want at least a 
60-60 assurance that the lot contnins no more than three defuCstH in 
10 million (.00003%). Plan D reprasonted in Fig. 3 consists of a run¬ 
down test in accordance with 1(d), or of a tivo-sUmnliis trat in accord- 
anco with 1(c). In order to make comiiarisons wo iwsuine the errom of 
catiinato of tho moan critical slimulus and of Iho standard deviation 
to ho about .itr; this ia a reasonable assninplioii for Ihe emJr of Ui('.ho 
statistics in tests run at inlorvals of about one Hlaiulanl ileviatlon, 
fifty sarnplca at a stimulun, or in most two-stimulus tests where 100 
to 200 arc tested at each alimulua, Tho averngo niuuljor tc-sted in eiDier 
case ranges from 200 to 400. Wo assumo tho distribution to bo normal 
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and require llmt the quantity *+Ss be less than the specification stimu¬ 
lus,'® Since estimates of f-f-5s arc themselves approximately normally 
dintributed, wo will accept 50% of the lots having a true value of i-l-Ss 
at the Hpccification stimulus. The OC curve in this case is plotted va. 
th(5 log fraction failing <a8 was done in Fig. 2.) Plan E represents a single 
HtiinulviH Hcciucntia! sampling plan which intersects the OC curve for 
Plan 1) at the .06 ajid ,95 ])robahiUty levels.” The enormous amount of 
lc.Hting lliat Plan 10 involves is shown in Fig. 4. While the testing for 
Plan 1.1 involves an average sample of from 300 to 360 for each lot, 
Die sampling for Plan 15 might require ns many as 100,000 items I 

Anollier irnporlanl advantage of tests of increased severity, an acl- 
vanluge whoso importance it is difllcult to ovcr-cinphasize, lies in 
anidher type of OC curve shown in Fig. 6, which cannot in general be 
coiiHlrnclcd when one tests at only one stimulus. This OC curve can 
only he plotted when quantitative measurements are taken, or when, 
as in this cn.w, qualitative judgments arc transformed into quantita¬ 
tive. 

The 00 curve of Fig. 5 is dei’ivod from Plan D and plots the proba- 
bility of ac-ceplancc against Hic. stimulus (Xm#*.) where only throe 
defectives iii ten million occur. It will bo scon tliat practically no lot 
will be accepted, llie JTma*. of which exceeds the “specification stimu- 
lus" by more, than 1.26 standard deviations. 

This infornuUiou is extremely important Rinco it provides an exact 
basis for selling a “saft^ty factor" for inspection lasts; wo ahi’ays went 
the spi'cificalioii stimidiw to be more soverc than the condition.'? to 
which wo (‘Xpeot the product to bo subjected in. service, but the ques¬ 
tion that always puzzles the careful specification writer is the amount of 
safely margin to iutroduco. For example, suppose wc know that a cer¬ 
tain weld will practically never receive a blow in cxccs.s of IBO-foot 
pounds in iiraclicc. What value should be chosen for the blow which all 
pieces arc supposed to pass? Wc ought not to cbooao 160-foot pounds, 
for any .sampling jdan loads to errora, and we require some margin to 
lake care of llic.se errors. What \s often done i.s to .select some arbitrary 
figure, such as 200 or 260-foot pounds, on a vague giie.ss as to the ade- 
f|Uacy of tile safety margin, If an inspection plan similar to Plan. D is 
used, Huch arhili avy guc.ssc.s can be avoided. From tests on the product 
wc can ('sliinnte Die highest standard deviation to be expected and 
chneso a value which exceeds IBO-foot pounds by more than 1.2B 
slandfiril doviations, 

II Mbb ■Ho(nici)lln) Aiinlynn nl Rl^(lllllenl nal»i Tlicory" MiU "Beaminlliil Analyeln ot SlntUllcal 
DrIo: AppUcRllnnn,* AMP /import Nor. 30.1 nnd30-211. 
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There is B difficulty of d acrioua nivturc in nil u«cfl of arf>itrary anfely 
margins. An erbilrnrily hcIccIwI margin will c>i(hpr ftrrio««ly itirrcdso 
the rejections of pcrfecUy gooti lots, orsfriouflly iitrre».w llie ncceptunco 
of bad. Such otbitrivry margins really opernlt* in the woi^l pofiniMt*. mnn- 
aor: if llie lot ia excellent in quality, Ihe nmrgin is n Imnilienn, wlK'reas 
for bad lots, whore "Bafcly" in moat required, the margin is npt to bo 
dangcrouBly small. Tliufl, the need of exact procwlv«rca, where they am 
be employed, is imperaiiv’c. 

The enormous saving in Harnplo sixo of oiul the nmonnl of iiirnrninl ion 
to bo gainal from an nccnrolcly designiHl increased ae.verily It-sl in 
really no more (lion an exnniplc of the Hfivlng intrcKlnced by any 
ficiontific advance. The saving indicnlca strongly the derdrahilily of 
cxpcriiuenlnl invc.sLigftlion.s wliosc purpoHo i.s to provide ndequale in¬ 
creased severity testa. 

VII. ILLUflTIlATIONS OK TUKTIlKOUy OK 
COMl'I-KTE llVN-mM S riJHTfl 

We shall illustrate the theory treated in Slati.*=Ueal Nole No. 3 )»y 
two cxainplra. Tho first (‘xam|)1c will involve finding out whelher or 
not a certain lot inecUs a Bpocificnlion requiring that only 1 in 1,000 
objects fall to bo affectwl at a certain prcasBlgned HlimiihiH. The sceond 
example will iiivols'c llio compariaon of two lota aa to piwHiblt* didor- 
enccs in their quality. 

It will bo recnllccl that in order to ensure dislingiiiMlimg between a 
lot which has 1% failures and another which has .1% failures at llio 
specification alimuhiK, it was nece.ssary to lost about (ilH) .specimenn. We 
also Baw that sample aiaea averaging about 20 specimens arc mlcquate, 
if the lesU were conducted at Die /!()% facrffl.sfd 6rvrrili/ hurl and if Die 
aastmplion ia nmle that Die erilical sluMuli for all loia are rwnnalli/ dis¬ 
tributed with the same standard deviafioit. 

Wo shall find that wo are generally required to lo.Ht consiilernbly 
more limn 20 and in general considerably fewer limn 000 speeimons 
when wc use Iho complete run-rlown. Despite the fact that wc use more 
tlian 20 specimens in our sample, our Lest is far more efficient than tho 
Increased Boverity test taken at one level alone since we obtain vnluahlo 
information on the distribution of cnUcid atimuli wilbout making 
restrictive ofisLimptions regarding the nature of the disti ibulion. 

Turning now to our fimt illuslration of the theory contained in Note 
3, wo conaidor tlio foliowing problem: an insecliculi! is being tested and 
it is desired to know whether or not tho infloclicido is bo cITcctive llmt 
all butl in 1,000 inacota will fail to survivo 40 milligrams of tho in- 
Bectlcide, 
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The tost was earned out by testing 20 insects at each of the following 
dosages; 5, 10, IS, 20, 25, 30, and 35 milligrams. The results were os 
followfl: 


DoBBgO 

Number 

ToBlad 

■» 6 ma. 

20 

mu, 

20 

a' ir« m#. 

20 

X* «’iJ0 mg. 

20 

ITIR. 

20 

X* niR. 

20 

mg. 

20 


Number 

Pm DlJon 

BurvIvLnn 

SurvivliiK 

20 

P'“1.0 

10 

.06 

la 

y- .00 

li 

JH*- ,70 

4 

!»*- .20 

t 

7)*“ .06 

0 

j,T- 0 


If wc tlonoto the dosages hy (e,), it is convenient to transform the 
set of dosages (*,•) into a sot (x/) whore 

Xi'= (0, 1, 2, 3, • • ■ , fl). 

Noting that our formulae for tho mean critical stimulus and the 
standard deviation of the critical stimuli involve all tho pi oxcluaivo 
of pi^l.O and pr = 0, wc find it convenient to tabulate the data as 
follows; 

TADI.n 2 


Jfi' 




pm 


bi.f^i—2Zpj (6(,r 

■ i— 


k 

.06 

l 

.05 

.O'tS 

.06 

-4.0 

21.10 

1.02 

a 

.00 

6 

.10 

.00 

2.70 

-2.0 

0.70 

.01 


.70 

s 

.30 

,21 

9.CO 

- .a 

.30 

,05 

4 

.20 

7 

.BO 

,10 

1.40 

1.4 

1.00 

.31 

& 

.06 

0 

.06 

.018 

.45 

a.4 

11.50 

.66 


It will be found tliat; 

X^j), = 2.8i 6j,«-ip{=9.0; 2 2«0Vi?<=2.67. 

We are now in a pasition to substitute in the appropriate formulae in 
Htalistical Note No. 3. The resulta arc: 

H- .5 + E p.- = .6 + 2.8 = 3.3 
H* ■=■ lh,t-iP( ~ (X^ Pi)’ + ~ + G(ui) 

fli — 1 

- 9.00 -- 7.B4 + .03 .08 - 1.11 

3 =» 1.05. 
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SI 


-3 


?fl± 

19 "" 


.56 

To 


.020 


81 ' 


.17 


unci 

, I2(5m.i-- 2x>’Mf .... 

D |1 asa .....--I - ' 4{4 

10 

.•. 8,' » .37 
bill 

.37 .37 

^ CM --sssa *-- cftft sstj .IS, 

28 2(1.(yr») 2.10 

Truiisforining iiilo llui origuml x uiiUs il follmvfl lliiit I lie* (‘Hlinmlc of 
iJici menn crilieul Hliiiiitlnu ik c'qitttl lo 21.50 Th/* (Hili/dalc; of 

Llio Klftiulnrd rlcvialioii of llto inrun rritirul MiuiwluK is givni l*y (.17) 
(6) ’^.85 inilligrum. Il cun OckIiowh Uiul # is very iii'urly iK^nnully dis- 
Iribulcd even for Hiiiull puinplcii'* niul, llim‘Cori>, ul a 0r»% rniiliilonci' 
level, 11)0 tnio nicni) criUcnl ulioioliiH (n) hIiooIiI In* w ilbiii: 

21.60 ± (1.00)(.86) 21.60 :t 1.07 10.83 - 2.3.17 milliKniniH. 

Aid 00% con fid cii CO love), puhould lie williin; 

21.50 ± (2.68)(.86) « 21.60 ± 2.10 «« 10.31 “• 2.3.00 iiiilllfframfi. 

The culiinntcd Rlnnilunl ilevialion of llie crilU-iil hliouili in onRinal 
imita in given liy {l.or))(5.(Kl) !>=* 6.25 niilligruiiiH and Iho Hlandnrd dovia- 
iioit of flic Klanclnrd dRvmUun in equal lo .00 loilligniin. Again il is 
po».Hible to set nonfKloncc limilu on a. 

Let UH rocftll, however, Llialwowant fewer Ihan 1 in 1,000 inHects Ui 
flurvivc) a cloac of 40 milligrainK. In terms of the (runsformed units 
this means that Iho 90.9% point should noL exceed 7,0. HuL, it is (wily 
seen that f'+a.OOs (the 00.0% point) ->3.3 +(;i.00){1.05)=»0.54 with u 
standard error of i 


8„.«» = 8r« + (3.09)*«,» == .028 + (0.0)(.032.1) .028 -|- .311 .330 

8(g.( ->,58. 

The probability of getting a RainpU*. value of 0.51 from u univei'so 

■> Tho IkqI ibAt 1 i^nil i ^p|lroftch noririfhllly rnpldly m k function of ilia numlnir loBloti Cftch 
tlimvIiLB, bAsbeon csUbUibcd by tli6 OcUihO'ra, Thq re«ulU h^ve ivoL yQLb&oti publiahm], 
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pO!«Sf!,SKi]ig mean 7.0 and standard deviation ,68 is found by noting that 
0.54 is .70 standard deviation away from 7.0. There is approximately 
one cimnee in five of getting the 00.9% point to be C.54 or less and we 
cannot a.HHcrt Lliat tlvo inscclicidc meets the requirement et 40 milii- 
grnnis on lire 6% or even tire 10% level of sienificnncc. 

It is easy to give an example of the comparison of two lots. The cal- 
cnlutioiiH of tlic blatiHtic.s of the loUs would, of course, follow the same 
])UlU'ni as Hull dc.scrilKsl above. For example, suppose that the first 
lot )>ad llio rl>ai'a(:leii.Hlic8 just described and that the second lot pos- 
hwscrl an average critical Hlimulus (in trnn.sformcd units) 5>'=2.7 with 

= 8„> = 1.3, fl, = .14. 

It is then readily seen that the average critical stimuli differ signifi- 
cajitly for the two lots since 

&' - f 3.3 - 2.7 .6 

i - - - -- - =-* 2,7. 

V(.17)* + (.15)’ -23 

The probability of gelling a difference ns largo as .6 is less than 1 in 100 
and therefore the lobs differ significantly as to their mean critical stitn- 
uii. TIu! Klaiulard ilovintions of the critical stimuli do not differ signifi¬ 
cantly. (Vmqmlalion will also show that the 90.0% points differ sig- 
jiificantly on the 6% level of significance. 

VIII, CONCLVHlOm AND PllOPOSED mVEanOATIONa 

Thc.bc pxrvinplft.H arc hy no means intended to cxhaiust the possibilities 
of the a]>pliciiLioii of the Ihoory of complete rim-down tests as applied 
to Honsilivily data. In another paper it will bo shown how one can 
make modifications of lliis approach to the cose where the test is not 
a com])lot(! run-tlown and wliorc the data arc given over only a partially 
comph'to fi(‘t of Hlirniili. It also will bo sJiown that in some instuncKi 
moil! inc.ciKC inferences concerning 5, and can be made by 

varying llio sample size t&stcd at each stimulus. These problems are of 
key iinjjoi'Lance from a practical standjioint and merit consideration 
in a .Hoparato pajicr. 

In conclusion, the authora wish to emphasize that it has not been 
I lieir objocL to Iri-at the sulijcct of increased severity tasts exhaustively. 
'Dk! key puriiosc of llic paper is to liring the various methods into 
bold ivilicf, to (lompui-i! thc.wc miitliods in some of their aspects, and to 
point ou(, some of tim passilutitica inherent in tlio newer methods. The 
a\illi(ii's linpc tliat this jiapcr will serve to stimulate the application of 
moilorn slnli-stica! nudliods to tests of increased severity by design 
and rcsoarcli engineers. 
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flrATlBTlCAI* NOTK 1 


Btalccl in fllftlUUcfii Kjrmft, Ibe proUcm In lo Hi*; un^vofKf^ ftvtirnge )i 

ftiitl llm fltantJfti-tl dovi^lion ^ Uinir feUmU^tl Girorgjf o( tlifi random 

variable i, which clcnot^a the slirnulufl rcfniircil l^j ohimti & crillral rf^t?5|K)ti^e of 
aay indivicJiml drawn from aotiie nmvchfkj oi oIi|crlj», TJim rir«hh?/ii drlTt^r^ iwm 
the? usual one Rrisin^ in fraqUftiicy di«lnhulU>n« biiici! Ihe criUtal cannoL 

bo mtjhnnrcd fur any iinllvhiual in the iiniveriKS Thifi iin Ui find imnUia of 

;i and 0 knowing? only the rHliiiiftten pi of ihe finriion «*f fibjerH fiurviviiiE( at a 
dlBorele boI of RUnmli jto i ’ 4 ’ 1 ’*”^ Rppr*iAf:h la tiwnlmlly ihn one 

followed in Lho ‘^probit*’ niolhnd and olbrr miulern irenimrntii o! lh« dusnjjo* 
mortalUy problciti and of incrcapeii f^nrniy. 


STATISTICAI. NOTE a 

It enn bo ahown using the Hrat term of the binomial Lhal the rhanre 

Q) of finding no Jefeetives in a random Aamjdr nf N cJrHwn from a Jot 
with true fraction ilnfcciivo Q ia given hy IAS\ (where it in nMumeil 

that non-replaccrncnt of an inftfM?c(cfd artirlc dtwn ml nffert the rpialiry <d the 
remaimkrof the lot). Tho teisiiUnin Table I may beohlatiuMi by jetiiiiK 
Y'^lOO and afiRigauig various vaiucMi to I*. For «?sfiniph% if A'^^Uifl and 
WY, Q) then (JThia wemift lliM Umreia a 5(> -60 elianee of necepling 
lota wliieh are .7% dcrcctivcj if acceplanco U ha^ed on HniJiiig nu defocta in a 
Aatnpk of 100, 


STATIBTICAlr NOTH 3 

It iq ruuiumod in the following that pi h an unbiiuMjil c^iunali! nf the frariioii 
udAffocUd At atimulu^xr and that pi -^pcfi ia an unbinm^d eatminU* of the fraetrnn 
unnUfictcd at fllimulUB In praclico il will fuund convoiihuiL to 

chaoflfi Inkrvalu ;)p|+i-*rc whoao longthq aro approximately givnu by tf. itnwoverp 
in Bomo caaoB good refiuliB eao be oblalnud by making the langlhanf ibr inu^rvalu 
tw largo iw 2<r, For convomciidtJi shall lussunm that Ihoiniervai of lest is unity: 
-xi^l(i “1, 2, ■ • •, n -1). 

Under the o))ovo reslrictiona wo qiiall aliow’ how llio avurago critical atimnlus 
(donotad by > 1 ), lho aUndard doviation of the crilicfll aiimol) (denoted by tf), 
and the higher momonU may bo caaily <.^8timHlcd. Wo shall aIho sImiw how tim 
sampling orrortf of lho ofltimafoa £, $ and lho higher rnomeiUA cart be found. A 
brief flummary of the proofs and resulU will lio givon. Tliose formula^ dciHuid for 
their validity upon certain aflajurnpLlona regarding the Inlerval of test niul llio 
dlairibuiion funeiiori nf the critical attinuri. 

If pidcnoUjfl thcobflorvod fraollonof ohleols unaffeoled atari and pi' in dofiimd 
as TJi'‘“pi“-pi|i Hum Ibo koy formulae nro na follows: 

Tho oalimfLlod mean aboxil thn origin is given liy: 

* " (f»< - Pin) . il (p, - puiXi) + 1/2); 

M \ £ / i^l 


(1) 
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( 2 ) 


ni«' " T,(Vi ~ -1- I/2)«, 

<^t 


f\n<l IUg c^limnlctl ^lU moment about the mean la: 

(3) »n» “ S + .B - S)’pi. 

If ft'o Inko ourflM««inod origin of coordInalcg Ata:i-h.5, then it can ho shown by 
eimpio algebraic maiiipulaUon that vii' may bo written simply as: 


W 


mi 


n”l 

'-S'" 


where Iho summation is taken over all tho ptj except pi^i.Q and pn"“0, The 
value of X taken about 0 as origin is given by: 


(D) 


« + .6 'h 53 Vi 


wlioro z\ roprcsoiits the stimulus for which none of tho samples will bo afTcetod, 
For the higher moincnlH, it is easy to sliow that if viq* ia taken about Xi+.6 aa 
origiiii tbon: 


( 0 ) 


2-f Ki^iVi 

/-a 


svboro repreaenU the tlh first dilTcrcnco of the conBccutivo gi\\ powers of tho 
positive iiUogcrfl, icO., -(i-J)^ 

For example, if *=2, 

l>,,i « p -- 0« » 1; b,., » - P = 3; 6 m ™ - (i “ 1)* - U 

In pftrlieulnr, m/^pi-b3pi+5p<+ ’ ' ' -f'(2n—6)p„-iw 
Again, llm oriRin of coordinates ia taken at xtd-.S. 

Uhing ilio well hnnwii relftlionahip connccLing tlie gth moment about tho mean 
with the momoiite about xiH-,6 as ongiiij 

rag « iiiq* — -f' - 
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il is poiwiblfl lo oxprtftH in («tms of Ihc p{. 
In particular for q^2i we have”: 


( 8 ) 


Mi w a* rfT|' — (iTii'J* ®* Pi 4* ‘i- ■ - • 

4- {2n - ^ Ij 


11 will 1)0 ihjUmI lliRl vrc havt' Mv, to i)vnpi«'ii!*i ain^ul Mm tti?- 

«umo(l oriftm (xj+.ft) linear /mirliunn of Mu‘ p*. An n »lirrrl rHij»rfoni*»nrt} of 
lliin rcBuU, ami aUo lioranac lUo pi arr all iiolriwroU hl, it follow s Mml ihv h!an*l- 
ard crrotB of llic variouH alftlnUcs arc: 


m 


I 




y . . 

riTi i 


( 10 ) 


t 


k'-l 


2 : c . 


f^i 


I 

I'fpf 


wIjcjo ««inii/nljDr of ^nippldB toncoiJ at Uio aUmuhiB Jtt and 

( 11 ) « I .,“* i ,( jtl *. C - l - 9 »<,.|)'«ri 
vrhero 

(12) pfi "■ K.I “ Ctfci-MJ* + -I-+ ( - 1)W~'1'U<. 

In parlicvdair in (bn ca^o Ihnl ^ Bg2j !l follows Mini: 

(13) ■« « X! 2i/4,, 


If (iO) m combitiod with the well known roauli lhal 
(N) tf, ««i,/2«, it follows Miftt; 

/~S KsT- 3) - a !;?<)%<« 


(16) 


Si «» 


vt (2i - 3}pf - (2^ pi)' 


n ThSa Id noti howover, an unUlMoil enilmala nf oi, U can liaalioirn Utal (fi) in an eaimmlo 

of ;«an<i ^ N *Ii( —f ’* OIhO, wbero 0{m) In Hliap^mrcVa Rroxiplna cor- 

reolloD U an utiblaMd oHilmau of FormuUo (10) anil (U) »ro llio atandan) orrora pI tliwounblwad 
a«nma(«a, , 
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II \b often of mlcrcgL to know not only tlio Btn-ndard orrora ot & and a, but algg 
to know blietftandftrdcrror«of t±ko. Fortunately, thes^of (f ±hB) can beexpreSBed 
directly in terms of and bccauBo of Llic fact that ± and a generally have only 
jv srnidl correlation coctllcicnt ( <,1). TUorefore, treating i and s as independent, 
it follows that: 


( 10 ) van E - niZl 

4[ i: (2»-3)p<-(S p,)i] 


STATISTICAL NOTE 4 

The OC ciirvcB for the various plans arc computed as follows: 

IHannA and /i; For any cxnmplesizon, the probability of acceptancG (i.e., tho 
probability of obtAiuing no defects) ia P" wliere P is tho true fraction cfTcctive, 
i,c., P ^ 1 -~Qi where Q is the value shown on tho absciesa. 

/•fan C; la linn plan Uio difforonco hetwceii X\ (the specification stimulus) and 
Xo (t)m inoroaNcd severity alimulua) ia 3.20 stniulard dovintione since the stands 
rird lot is asHunmd to be one having .05% defectives at Xi. Bearing this in mind, 
il in easy lo calcufalo (uaing the tablo of areas under the normal curve) tho true 
frncLion defeclivo Qo at Xo given Qj at Xu For cxamplo, if Qi - .0014 for a certain 
lot limn Va“==^.015. The plan anaorla that a Jot is to bo rojected if moro than 00 
defcclH occur in 100. The prahabillty of accepting tho lot with true quality 
Qo«=.Oi5 i« formed by dotcrmimngi 

(.00 - (.00 -- .0ifi)(100)*^» 

”1Qo( 1 -Qo)r “ K.OIC) (.385)V/> - ^ 

Tliih mciiua UmL the probability of acceptance is ,38. It is to be noted that this 
in(?Lhod of computing the OC curve for Plan C is not generally applicable since 
i will not b« iiornmlly difltribulcd for all values of Qo. Wlien Qq is leas tlmn .10^ 
the Poiason diHtrihuliou represents an accurate estimate. 

Plan 1): Again Qi ia given. Assuming a normal distribution of critical stimuli, 
we can selvo for K in tho oqunllon’. 

P + K<r » Xi, 

where n and a are tho true mean and alandard deviation, respectively, of tho 
luiivcrsc. The Holutinn Is obtained, as above, from tables of areas of the normal 
curve. A given lot will be accoplaido if and only a3T6fl<a:i, where and s are 
tho sample (‘stlnmtes of ft and <r, respectively, In order to dotorminc the probabil¬ 
ity of acceptance, wo have to delermino the prohnbilifcy that wo will estunafco 
£ -I'fiw to be loHrt limn or equal to x\t when n-\-'Ka^xi. This is derived from: 

j| ^ (|i -{- Cw) ji “b ZCt r — ft — 5^ ^ {!(■ ^ ^ 

aj 
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Tor tho flAtnplo aUo leJitccti IKo catlnmlca of /i find tr arc Appn^xlnialdy (nmi 
BflymptoUcftlly) normftlly diatrihutcdi find hnncc flo nm l!m cisUinintcR of jid iWi 
find Tt if tf|+ii is known and in coiiaUnl. \Vc rtHflurim and flinco t 

finds ftfo npproxiinatoly indopendcfiiLly diutribulcd, Unncn, 


(jC - ri)5 ^ K - 5 


T Gan Lbon bo computod tfor ftnjr value of K, l.c., for any value of Qi ,and tbo ro- 
qiiircd probahilUy of acceplancc can be clctermhmd from normal UbloH. 

TlioOC curve for Plan /), flbowing llio proliabilily of ncreplance v«, Ihoftllmu- 
lua(Xiaw.) whore only three defeclivoa in JO iiiillion occur, in oftHily dorivod from: 


T « 


aim 


p 


tho flfimo procccluro boing used as was iiBod nbovo. 


FiGuae I 




1) < lp4^lrie«(lM ItlMUl 


Mp • LnQf«iBi4 3vif4flijr 


Itfk tp\44t Carr* "A* ffM II Mi 
M • « {tr*! sf dir«i«i|v«i] ■ .vt 
ef iottl *r «4 

AfH. Carr* "a* fro* r, 

14 ■ «a (irM bP d«r»4-iir«i} ■ IjC 
«r IftUI tr 44 
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BOOK REVIEWS 

Edited by 

Obcau Krisbn Burob 

Rutgers University 

InBlaltnont MutUenuvllca Haadbooki With Working Formulas for All Typos of 
TransnctlonB. V. Ayres (Goiiaulting Stntistioiftn, 6d01 Woodkwn Ave. 

Cliicngo 16, Ill.). Now York 10: llonold Press (16 East 20th Sb.), 1046, Pn, xvi' 
207.810.00. ' 

Review by Carl H. FiacHBR 
i-lfisonfi^c Professor of MalhomalicSt Uniuersily of Michigan 

A b m title iinpliea, this book is intonded to furniah "comprehensive and 
dotidlod iiifornmtion which will enable the user readily to make reliable 
liinc-payincnt calculations.'^ The first of two parts consists of some 121 for- 
luuluH and 13 pages of numerical tables. This section contains practically no 
oxplaiialio/» oxcopl for somo illustrative examples. It is doubtful whether 
llic class of users for whom this book was written, that is, "anyone familiar 
merely with arithmetic, simple algebra, and enough plana geometry ..." 
could make use of this portion of the book without having previously gone 
carefully through the second section. 

The Hceond part, entitled "Dcrivationg, DisciiBsion and Proofs/' consti- 
tutcH tlio major portion of the book. Here, most of the formulas listed in Part 
I arc developed, iisimlly in considerable detail, and illustrated by numerical 
exnuiplos. The author has evidently had a great deal of practical experience 
in the fitdd. Thia section of the book is liberally sprinkled with references to 
various i>racliceH, apparently common in instalment financing, some of 
which wouhl certainly tend to discourage the lay reader from “buying on 
liinc.^' 

Thoro are three principal types of problems considered. The first is an 
internal analysis of finance company operations. Formulas are developed for 
Huch ilGUiH as the rate of accumulation and of liquidation of instalment paper, 
an analysis of retail rcceivableSj the collection ratio and life of notes, the 
ratio of borrowings to capital, and the distribution of earninga. These for¬ 
mulas, in the main, aro based upon the arithmetic progression. Much of 
llic iinalysiH is ([Uito ingenious although eoine parts of the exposition are 
not Loo clear, particularly to one not well versed in the instalment loan 

liUsincHH. . 

The Hecond typo of problem given consideration is the determination of 
the size of Llio monthly payments under various kinds of common instalment 
conLractfl juid interest assumptiona. Hero one is introduced to the meaning 
of flucli Li’ftdo jargon as "balloon note contracts," "hold-back deals, ^Mor- 
rifl Plan,” "dealers' packs/' and othere. The chief criticism of the multitude 
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of formulas devolopacl Ib that ino^t am bawl upon tlif! unijorm nir/ftorf 
of dcLonnining >ncldp diacuaftcd below. Vroux n praKiral ^laiitl|K»inl, how- 
GVPr, Urn formulae arc urttloubUnlly ealinfadcry. 

The third sort of problem is the dolerniiimlicm of the yidd to the finaorc 
coiiipnny under vnrioue kinde of contractu. different iiudlifHl^^ are. din- 
cuBsedj four of the “eunnnalioA'’ type and two of the cxtHmcnlinl. The an- 
tlior prefera the uniform an npproxiinntirm, iind«‘r wbicli it iw a,v 

Bumed that each inatrdnmnt pnyment ia sipportioricd in e^nrtly tlie annm 
way between reduction of principal and paymeat of rlmrge nr inlcre^l. The 
only juHlification for tbiH procedure in the practical one of dns])lirity. 
Throughout tlm entire book, with fllntcd exceptions, tliin is Ihe inU^rent 
method used. AimLhcr mniplo npproxiinalion rule, which iw diseuwd only 
bricflyi appenra to hivvo more Llieorclical merit. Thin ift the pro-rain mcihcKl, 
bused upon the asgunipliori that the portion of cacli paynirnt devoted to the 
charge i« proportional to tho “total outsinmlitiRs*^ at Llin atari of that period, 
that is, to the mm of the outstanding principal plaa the unpaid portion of 
tho total chnrgc- This deviates only slightly fruiu ordinary compound 
interest. 

It could be pointed out llml one of the other Hunnualirm proccimcs dis- 
cUBBccI, the rc^Waary i/irf/im/, ujuler wliieli it is uMuined llinl all of the early 
payments arc applied in reduction of principal and the charge is paid off 
last, prodiicea a yield ideuUcid with timt obtained by the use of the well- 
known "MorchantB* Iluln,^ under which tlm entire principal draws simple 
interest for tho entire period; likewise, in>?U4hncnt payments made draw 
simple intcrcflt from the dale of payment to the end of tlic period. 

Tlic author is aware that an exponcnlinl iucIIukI is generally considered 
to he the preferred interest procedure but enntends, somewimt surprihingly, 
that it is iinpraclical for use in the ordinary fiminco rninpany nflicc because 
of its complication and bccaum^ of tho unavailnhilily of tho nocc.wry interest 
tables. Ho fiftoms to feel that Ihcro arc lw*o dinlinct oxponontial inelhods, 
labelfl one the smaff foon and tho other the prmnf worlk ninlliod, and devotes 
aovornl pages to an argument endeavoring to nlmw the superiority of the 
latter. Analyein shows, however, that the two nictlmclR ato identical oxoept 
for tho fact that, whereas the stiiall loan mctliod furniahea n nominal interest 
rate, converted monthly, tho proBcnt worth iiicthocl goes a atop farther and 
pToducea the ocpnvidcnt etfecLivo rata. 

Tho author scemB to overlook a similar point in chapter iH where he gona 
into oonHiderable detail in comparing two auppo^cdly uuliko niolhodR for 
computing tho yield on "hold-back cleida.” It \h easy to hIiow that Ida ho- 
ottllcd "direct” method is merely a ftpcdal case of the “rcKorvo" nmthod, 
undor which tho roflorvo fund chtub interest at tho yield rate. 

There is ratlicr an oxtenBivo ohaptor, Iho Inst ono in the hook, nn intcr- 
polatlon. After a brief diBCUsaion of tho linear cubo, the bulk of tlic elm|)tcr 
is dovotod to tho dovolopmonfc of an intorpolation method based upon fit- 
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ting certain hyperbolas to three given points and to, an attempt to show 
tlic superiority ot this method over the standard finite differenoe methods. 
As iniglit be expected, the result is decidedly unconvincing; this chapter^ 
wbicli might well have been listed as an appendix, is easily the poorest 
portion of the book. 

Sucli defects fts have been mentioned here do not detract eeriously from 
tho importance of tliia book in its field. It ahould be indispensable in any 
fiimneo company odice, particularly if tho state of mathematical erudition 
tlioro is as implied by tho author. In addition, tlie book should be conaidered 
almost ecpudly valuable to teachers of the mathematics of finance and to 
auLliovfl of textbooks in tho subject. After reading this handbook, the re- 
viewer is impressed witli the inadequacy of the treatment of instalment 
financing in the leading texts in tho mathematics of finance. Even authors 
of textbooks ill collegG algebra might find in this handbook some interesting 
nnd practical applications of arithmetic progressions with which they could 
enliven tlic topic, replacing tho ever-present problems on the number of logs 
in a pile and the distance run in a potato race. 

MaihemaUcal Tables and Other Alda to Computation. Published quarterly be¬ 
ginning January 1(J*13 by tlio National Research Council, (Number 16, July 1940 
was the last Ikbuo available at tho time of writing this review.) Beginning with 
1947 Die aubacription price for each calendar year is $4.00, payable in advance; 
ordinary ainglo immborai $1.25, Earlier ordinary single numbers, each $1.00, 
and all numbera (or each of tho years 1943 to 1940 inclusive, $3.00. Special 
single nmnljor 7, Guide to Tables of Bossol Funotions, $1,76, nnd number 12, 
$1,60. All payments nro to bo made to National Academy of Sciences, 2101 
Oonstilutioii Avenue, Washington, D. 0. Edited on behalf of the Committee on 
MiiLlminatical Taldca and Other Mda to Computation by Raymond Clare Archi¬ 
bald (Professor EmoritiiSj Drown University) nnd Derrick Henry Lehmer with the 
cooperation of Leslie John Comrle and So/omon Achilloinch Joffe, 

Review by Kenneth J. AnNoun 
Professor of MalhemaiicSi University of Wisconsin 

S TATT8TICIAN8 UBO a wido Variety of mathematical tables and computa¬ 
tional procodurca, some of which have been developed in statistics and 
others of wliich have been developed in astronomy, psychology, business, 
cngiucoringi and various other fields, Even such statistical tables as distribu¬ 
tion functions, percentage points, and constants of sampling distributions 
BomctimcH appear as appendices to articles devoted to particular applica- 
tioiifl and in journals not usually perused by statisticians. Frequently the 
geneml utility of such tables is disguised by headings in terms of the par¬ 
ticular application as “No. of animals which die” for the upper limit in a 
blnomiiil flummatlon. Collections of tables such as Pearson's Tables for 
Stntisticiana aiid IHomelricims and Fisher and Yates' Statistical Tables/or 
Biological, AoricHllnral and Medical Research cannot obviate the necessity 
of rcfcrcnco to journals for tables needed in the solution of some of the 



\L AymrKriATlON 


rm 

nirmt ttirumoR prahif’ni??- nf^w 

lati^^K aiirl n^*w roJis pn trill on hI inKlimk soul r#»ri?^ipjr^nl iricrn/iim* In t}jc» 
pinMnm \sf whntht^r i^nd rippr^^pti^lU* an^l lurlWlftHrc 

UYfiilftblt^ nr^ jjlic*n^Mnr‘nn roun^inii Ut all bh vrltijf h ronjpiiji^'r^ nnd (nMn 

u^rH WNrk, A jrnirnal <l^!vntol In lli*? prnhknii nn»l in 

Jaminry \^V^^ the firjjl UniP TahUn t^ihrr lo fVm- 

}m(0lwn Th(* rnic? nf MTA(! wan Iiy TV^<frn^^rir AKhDmhI 

in llic! ojHniliig j«rnlli*nrt*« n/ tliin Tn^l iK.fni»?: 

Tliin tjnftrirriy Jniirnnl. pl now* (i?il<liViirinn mI \hn It^-frar fiirli C^unnril. 

in u» m^rv« an n rJrarh^^-linuM* fur inf«mn«iiiMn fiiii>r'*^niintt nini)iipiiirilit‘fi] 
LaliloM nnrl nrhi'r nii!» ruBripuinliriii. I>n<^rin1lv llif' jmf^l ilrrudn 

liFiir hinlRfnr rtmuminUMn vanily rnMiliplird. Tln-fso Imm|w nr ftrrnnnifl 
df Ihoni, nre In bn bninil in «n rw»riiUMi« inlomnlninnl tnu^o ni pnni- 

nlildl, ftinl iK‘rinfliCfU puhlirEVlifpii» mi( nnly m i\iv ruddn nf Purr Mnlhonmlirp, 
Phy^irfi, Anir««ni9friy, and bill Rlrn^i in mirh Hi-ldfl 

t’liciniwlcy, Knu’mwinK* Cidude^y* f>,nlat?;y, Piiyinuilp^ny, Kroiinmio^*, and 
P«y nil ninety. An nUt?rn|)l will hom be made bi ^iiiiJk^i varied inqiiirora 

Kq bucU inMerial. 

A Runnnary <\t the. conlenla nf Iho lltKl IS iiuih)H?r« fiiveft nn idr* 

Uw nf the nmnncr in whkh MTA(' in fnlfillinK it« purpn.i^e. The numhorrt 
1 to 12, cmifititulinR Vnlumn I, total *1S0 p3g(?^«; the iiUfnhrra Kt In IS InUl 
I'iH pfignrt. KacU urtlinnry nnndwr cnnlaina an ntlide nr nrlidet* nn 
coiupuling nmchinpn, nr cMiiifiutationnl inothurla. Tltnan orliddH nro. fol¬ 
lowed by florltfifH eniillet] "Ilerenl Miilhenmlicnl Taldea,” *^MnllnMimlirrd 
Tttlilew'“‘Krrftlii,'' ‘'UniMiVdialted Mrilhcrnnlical Tahlea,^ '“Meultnn'irfd Aida 
to CnuipuUtlon/ “Nale«»'’ ’*Quenort--UeplUvrt/ niul "Cfirrinerula et A(N 
dondu." fipecinl miiiiljcr 7 is a lOl-pngo “CiuiJc Uj TiddoH of Unowd Punc- 
tionw** by II. llftlanmn nnd U. C. ArchUmUh Sjiocml iiunihor 12 nnritrtinK, 
in addilioiv Ui the ^;onU*nU of tin oTdinivry nuinher, an iudeTC In Vcdnme I. 

Among the nrliolctt in nuinbcm I to 0 and H to 15 are ^Macliinea for 
Solnng Algchrnlo Equatinna’* by J. 8. Kranm and ^S(do]|tinG Computing in 
OTOat BriUun” by J, 11. Womeraley. 

Under *^Itooont Mathematical Tables,^ 2*11 roviewa Imvc appoaretl. With 
each is nsHOciatod n code loiter or letters indiciiling the clnnH of function or 
tho ilehl of application; ns cxamplcB: A for nnthmotlcal tables and con- 
eUntfl* C for logarithuia, // for numerical Rolutiou of oqunUonHi 1 for finite 
differcnccB niid interpolation, A" for Rtatietica, N for interest and investnicntj 
0 for ncUiarial science, Z for calculaliug maclimeH and mechanical compula¬ 
tion. Of the 211 reviews, 23 have associated A'h. Eaeli review contaiuH 
definilions of tho funotionu tabulated, tho range of argumeiitH, the imiiibor 
of decimiilH or Hignificant figureH in tho ontrieH. Most rovinws ahio disousH 
aeovwacy, crraln, related laldcs nnd fipidications. 'Phe lluwonglmosH of the 
roviowfl in indicritod by the fact that W. 0, Coidiran'H review of the Hecniid 
edition of Fisher and Yates' iS7fdffl/iV(d Tahks occupies 4 pages, roughly 
oquWiiknt to 0 pagOH in this review acotion. 

Under ''Mathomatical Tables—Errata/ 1^0 lists have appeared. There is 
no rojoindor to tho commont nmdo by 11. C, Arohibnkl in prcaouting errata 
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in BGVcrul statibbicB books: “Authors of frequently used Tvorks in the field 
of Stati.HticH display Homo carelcHsncss in the preparation of tables they 
publiHli.” 

Under “Unpublished Mathomntical Tables/* 49 onfcrios have appeared, 
Some of these tablca have thus been available several years before publioa- 
tioji; others wore never intended for publication but have been used in the 
eonstruction of published tables. Under the next four headings the follow¬ 
ing luniibers of entries have appeared: “Mechanical Aids to Computation/* 
22; “Notes,*' fiS; “(iuoricH/* 18; “Queries—lleplies/* 24. 

Cross references are (luito adeejuato. In each entry, reference is made to 
curlier or concuriciit related entries. In each section, reference ia made to 
material aijpropriuLe to that section contained in entries in other sections; 
for cxftiuplo, the reviews of recent tables which contain liata of errata are 
inciiUnncd under the heading “Matlicinatical Tables—Errata.** The follow¬ 
ing two adverse criticisms will probably be invalidated in a short time. The 
over-long delay in the publicntioji of reviews of some recent statistical tables 
can perhaps to a largo extent bo attributed to the delinquency of reviewers, 
While Lbo Index to Volume I is inadequate as an aid to discovering tables 
of a particiilcu' function, Professor Archibald informs inc that a detailed 
“Subject Index” covering Llic whole of Volumes I and II is planned for 
incluKiun in tlie Index to Volumo II which will probably appear in October 
1017. 

It eun be l\ojicd that a guide to mathematical statiatical tables will 
appear in the not too distant future but a guide cannot replace the listing 
of ernUa and the careful reviews of MTAC. 

Indusirlat Exporlmonlndon [Rcvlsod Edition]. K. A. Droviiihe (llosearch Do- 
partincnt, DiHtillors Cio., IilcL, Great Ihirgii, Epsom, Surrey, England), A rc- 
viHion of LImj 1015 mornoTaiuliim of sitine LiLlo reviewed in tliia JounNAn, March 
1010. Direclorato of Ordimnro VacLorlcs (Explosives), Ministry of Supply, 
London, W.G. 2; II. M, Slntionery OfTlro, IDIO. Pp. 110. 2s. Paper. (New York 
20: llriliHli Informulion Services (30 Ilockofoller IMa^a), 1010. JO.00.) Two re- 
/oUow: 

11KVJJ3W MY GeOJIOE W. BjIOWN 
lleecarch A^sociaio Profosaor 
i^latisiical Laboratory^ Iowa i>7aIo College 

T in-: revised edition is generally of the same character as, and in most re- 
Hl)cct 3 identical with, the first edition. It has, however, been somewhat 
expandcrl in certain rospects, notably with respect to multiple correlation 
ivnd analysis of variance. Other additions, mostly in the form of explanatory 
nniiurks and eaulions, conlrilmle to a general iuiprovomont. 

'I'llis n‘viewer is in substantial agreomout with moat of the comments, both 
favnrulile and lulverso, made by Tukey and Wolfowibz in bliciv reviews of tho 
first edition. In fairness to tho author, It should be pointed out that the 
pros out edition had passed galley proof stage before Mr, Brownlee had an 
opiiortuiiity Lo road the reviews in question. 
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Thifl Jn«in»iAl h, lo uns JVnf(^p>-x»r V lrinf?,3UJfi;r, “a v p,r»ui\ ^Jr^llfeclK^^lk” 
ol fllali?iricAl mnlliodulnuy, nn4 wnjlul, iIvvoIihI 

to the l)a??ic liypr)llmp<ffl uriTliirlying into a 

manunl of coiiNidoruMn ^tntiin* in Uic /it'M. 

'rhe rimjor clifingo In thiB r^ilinn of a n ?irnl r?ii>!4hMnn n( 

tlitj annlyslH of variance (iitfcuBr-ion, mih grcal^-r nSli^nlafoi l^nrk- 

ground iiinloHtil and coiiHrIf?rali'*n of of !ra»Ui^rarli*»r rxjK"riojj‘iaff 

with vnrionH urdeni of rq»liraiinn. Ai^ong Um* riddih^m nrc! a 

wliorL Bretion on tim rui^noii ili^^lriUitioh, morr^ inlrodu^dory iMalroiat on 
quality control, and inrlii^^Eon of iUv r;Hig^**^lriinlnrrl d^^vindion rioivorBinn, , 
the richer invorMioii pmri'dnra in nmllipln njnJ |pT(qn'rly dimiur- 

tiging roiiiarkH with lr» i^Alnii<^<)aSicih ioilMdit* Lho ranRf^ Mf iniU> 

pnndojit varinlilrM in rpgrt'B^ion work. 

A few nji|)i}rtanl corrrcUoiiB liavi^ bcf-n mndr, iiu-lodinK n not!' on tins iwn- 
tailed F tout and a imrairriqdi ileHignrd lo rciJiov4'! tho inht^ isoi*rf»f»Mnn that 
JiuilUpIn comdiilion lr*rhiiHjUo cloen iml ]K*rinit thn jdudy «»f inlrrarlioiiB. In 
diifcuiwjing an exanjpln uf the ngnificarirr* of a njunn. tbe* author indnlB out 
that «igiim \» iiji CBtiiorate; hrjiro, the df«^^ro<ihri(Ion mrulo on f<*w dc*grt*rH of 
freedom iicnumliT tlnui the detenaiioilion nuidn on n Inrgr* nurnlnr of 
degrees of freecUim; he fxiinlH out, morrovor* Ihal tho **1'* diKlrdniliim tuki^H 
Uiia into ancoiiiit. Tlii^ poinl, iM»t iimde in Hie* /irMCi'^dition, may riMiujveMnno 
of the confimion reHulting from the u|ij»:ireiil i<loidifirrtlifni nf pniuilnlioti 
vurianco am) iIh t^uiipla CBtimnte, 

An added remark on imgn 2GM*eiii» tti imply Ihat, in b^^ting linnmgem’iiy 
of varirtneoH, if tlin rxlrenm ea(imnl-e« did not differ aignilirariily liy F, then 
Darllelt'a teal would imt Hhowmgnificanee, to lliia reviewer liml llio 

remark in queatian fthould Imvo been acrornimnied by n cerLuin niiionnt of 
caution. 

Tho recomnicnded proecdurc, given on prigr^a to bir comparing liio 
moans of two eamplca, deponda on tlie Runi of llm wnmple hipjcjs. It ia not clear 
ivliollicr tho author realiaea that the following pnicodurea are really different, 
bnfc lio BUggests, without chirilication, liial if liio varinneea 

bo treated im lioinogencous; Hint tho IleliriuiH-hiHlier tost bo used when 
m+^>30. The iinportniit point ia that from the very outHct no mention is 
over mado of th-o importance of background hypuUietiCH nnd parallel informa¬ 
tion. 

A inultiple rcgrcBsion example preaenied in clinp^^'' )9 has indnpeiident 
vnriubleB Xat Xf. Tlie regroKfiJon on Xi ulonn ih Bignificanl at tiin ono percent 
level, but tho effect of m not Hignificant wbuti nnd Xa lire inelinled. In 
dlHCUsalrig this aitualiuit on img(5 53, Air. Hrawnleo Miya, in reren iiig to llm 
roRTCBBion on (done, would aiijH/nr aigiulicant kL llm \% levol, an eu' 
tiroly orroncoufj concluftiou.” Why call thia orroimouK? The iinLhdr ih cer¬ 
tainly aware that tho rogroHsion <m nnd/or might turn out not Hignificuiit 
when rulioined to ac,. In any case, tho very iiuportnrit qucHlioii of liio oriior of 
ollmination of indopondonfc vmiablofli or the corresponding question in 
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anftlyflia of variance probleing, seorng nowhere to bo mentioned. This is not 
a question of nmtliGnmtica, it is an operational question whose solution is 
dictated by coiiHideration of the problem at hand. Similarly, when two inde¬ 
pendent variables are correlated, the author nnys that the individual regies- 
Bion coeHlcionts aro Jictitiously largo. This would fioem to imply that it would 
be incorrect to use an individual regrcBsiou cocfTicient if either one of the 
independent variubles is med alone. Again, Ibo reviewer is certain that what 
w«s 7ne/uit ivns tJmt If two indejjcndcjit variablcfl are to bo U8cd jointly, the 
regreflsion aiudyaiH sliouhl bo tbo joint multiple analysis. 

On page 107, it is imjdied tlmt the analysis of varianco is imposBiblo when 
tbo data arc haphazard or when unita are missing. This is not strictly true, 
alliiongh the analysis in mich cascfl may bo extremely difficult because of the 
large number of linear simultaneous equations which may have to bo solved. 
On page 108, it is pointed out that tlio computation for a multiple correlation, 
with say 5 independent variables, is much more Revere than for n five factor 
analysis of variance. It might be noted that the annlysia of the coiivontional 
design has been eimplificd by the introduction of various orthogonalities; 
Bimilur orlliogonalitics in a multiple correlation analysis would Bimpllfy the 
aiialyKis currcspmulingly. When hypotheses are properly formulated in the 
analyniK of vari.ance siluation and in the multiple correlation situation, the 
coniputatlonH coincide as avcII as the Hignincunce tests. The major difTei'enoe 
betuwii Ibp two situalions is primarily with respect to the way parametrio 
liypoUicHeH nro slated. 

On page lU, it 5.’j remarked, in connection with 2x2 contingency tables, 
that in borderlino canon the correction for continuity is iinportant> Since the 
cln-tifiuarc (listributlon is Btill iin approximation, in this case, with or without 
ilio correction for continuity, and since the fitatistician rarely has adequate 
quantilative busiH to net prociso aignllicanco levels, it would appear to this re¬ 
viewer that no really important decision should rest on the correction for 
continuity. 

This reviewer feelH that the value of this pamphlet could still be increased 
by further revi^»ion to includo expanded background exposition of the 
Jiypolhe.scH behind the statistical tests, discussion of “practical” Bignirioanoe 
and perhaps points such aa those raised above, where further clarification, 
might bo UHOful ns well as informative. Nevertheless, the pamphlet in its 
j)rc.*rcrit forrii is potentially u.seftil to a large class of people and contains n 
consideralde uinount of material for the rather low price of sixty cents. 

ltnvfF:w jjr AI,^N 13. Treloar 
Atisocidio rrofesoor of liioalatislicaf Vnioersily of Minnesota 

rpiPH interoHting manual of stablHlical methods, written primarily ns a 
X guide for industrial reRcarch workers who are not acquainted with the 
proccduro.s or philosophy of statiRtico, has been coneiderably extended in the 
present rovisirin. It is now referred to in the preface as a “monograph” in¬ 
stead of a “report,” and the author's name in appropriately displayed on the 
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title imgo inaUJnil of being given mrroly in an arkrinwlr^lgjnriii lino of llic 
foreword na v(m previously' ihc cam. 

The textual miiterinl of tlie earlier rdirnm ausopided ^nl^^nw^lat 

through incorpurntion of «oine additifnial pxplaiiiat^'iry rtlU riiu* 

Live proccdurcii nnd extra exnniplvK, .'ll! ol w)nrh a re valurihle, Hmwvit, Die 
principnl cImiigCH involve (1) anri nxlPiiHitin i^f Uh' rJi^eimnion 

of aiiulyHiH of varumcc in relriLhin l«» fncl-i»iisil (2) iMnnlra- 

lion of logrtritluiiic (rAnsforirintiuii to r^dnci* f»i*f»foj?dily and jH^rndl rou- 
line handling of [iropnrliniial rluing^^ HtuarnniB, nu*\ inrln^tinii id n fflnirl 
chnptcr on the l^iisHua dislrilnilinn. T\w ^7 rxln* ‘d U*xi, Ingiillirr 

will removal of line Hparnrs at iimny fwilhinil nairh in reading 

case), Imvo increased the volijiim of dHnmhioii hy jK rliup'^ 40 imr cenl. 

Tim irnlhor Imd not smi the U'^vinwi^ of vhp Sirs-d PiliUnn given in lliis 
JouHNAb when the revision wc*nt to lire’s,^. In a comonminilion to the Ue- 
view Kdilor he icterrt to Uuh m ^unh»tlnnnle,*" Tlip pr<.''Kvut eonnnentntni* 
agrees that Lhm In so; for lind mlpiHljoenLa \Hvn omde In elirnhinln the de-' 
(ecu diiicumd in tUose, excellent revievis, Urn prcKMit ediUon would linve 
lind coMHldernbly enhiuicrd value* 

Tlio error of using llic Uiit vvlum \F\ h ealh*d for hnt^ lu»(*n corrocUd in 
thiH revision, although the rtppronc:)i ia Miiiiinvlmi rluinhy hcniuM* refi rcnee 
lo the correct nuHwer in given m an nfterUnniglit to uhc of the innpproiirinto 
one. It JH nlsDaUUid without rc?<ervuli(>ii llint the prohaliility cnrre^pniiding 
Ui any given \l^\ is double ihnt for f, hut lliiw is Irur roily wlirii tin* sntiudes 
nrc of the wntio frcriuoncy. The otlier dcfccln dlHUK^^'d liy Professors 'I’nkey 
And WolfowiU remain. It iiiny he added lliaL corn cLion for mnlinuily is 
considered of great hnjmrUncc ia 2X2 Irihles hut Urn Huhjnet h iml men* 
iioned in ccinneclioii with a 2x1 table where naeli iif the expifcied fm* 
quenciett is only 5, Also A reverml corin ^eafe in the exaiuple of Hiiii|ile cor¬ 
relation may oauso trouble for the ineximrienced reader, for Did sign of the 
cooniciout ia reverHecI withonl ex|i!aiiaUon. 

The reiterated ccntchmion Dint uu iimigiiifiejuil h* iiieium tliat an initially 
a^iiinod eoinponciii of tlift numerator variaiiec doen not exist ia most (lin- 
tnrlnng to tUia reviewer. Porhap# the aullior is uiieurty about lliin point when 
lie concedes that values of P ROmcwliat Udow the accepted critical level for 
a claim of Bignificauco suggeat siluationn worthy of fnrthor invcaligatinn. 
However, ho follows the beaten path in nwnge of Dm 5 per cent level rallier 
nssicluoualy in tho actual nimlyBOs. 

On page 13 one fmdH llio following Blalemrut, wlncii is not oncoininoii in 
fltatiatical toxts; "For many purposcH Ilia 5 per cent level in aeerpled, Imt we 
must roaUxo that this means that 1 iu every 20 liineH Wii will lOff^erl limt 
an orTocl oxihU when it really docH not.” The, aoHiiinplinn inijdicit here that 
ftU Tcsponfica are in fnci oxpveHaionn of chiinco varinlion is a aUange one, and 
quito out of lino with much of tho arguincnt in tliifl Inxih. Tho rnu^innon 
pcaporlion o( errora “o( the first kind” corrosponda in tho significance level 
adhered to; usually, tho proportion may bo oxpocted to bo very much Iohb, 
AVhllo tho author sooma awato of the dangcr« o( aaBuming that actual data 
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conform in structuro to the rnatlioiiiAticnl inodcla in fccrina of w}iich the 
atatiaticrtl procedurca have been elaborated, he does not dieoues the asgump- 
tionH intriiimc to the inodclfl at all adequately. Indeed at one point (p. 108) 
jjc goes BO far aa to say: Sve can disregard the underlying asBumptions [of 
tlic lumlyHis of variance] with comparative impunity.*' Many will challengo 
MiiH point. 

Tliia book will prove useful to tcachcra of statiaticfl, deapito ita failure to 
main Lain dosirable tochtdcul Htiimlarda in the reapeota mentioned. It broad- 
eiiH the Iiorizoii with apidicatiorm in a field whore before there was but little 
illuHtrativc inaicrinl. Although the theme is pursued with misaionary zeal, 
unusually good l)alancQ with practical conaiderations is preserved. Provided 
that the rctulor ia aware of the dcficicncieB diaeufiaed in these reviews, the 
prc.sciitation should prove very helpful aa acceasory reading in connection 
with Htalisticfd enursca. 

Measuring BuslneBa Cyclea. Arthur F, Hums (Director of Rcaonreh; Profosaor 
of Kcenainie.s) and ]F€shF Mitchell (Director of llcscarcli, 1020-1D46; Pro¬ 
fosaor I'hnoriLuH of ICcouomica), (Naliunal bureau of Economic IlcBearch; Colum¬ 
bia University), blurllcH in Ihiaincua Cydon, No. 2. Now York 23: National 
liurcfiu of J'Jconouiic Itc^enrch, Jnc. (1810 Ilrondway), 1040. Pp, xxvii, 500. 
$ 5 . 00 . 

Urvibw dy Elmbu C. Hhatt 
Prafesm of Econom^cfi^ Lehigh C/ntueratfy 

T uk publication of Number 2 of the National Bureau's BtudiGs in Business 
CycUiH in a notable ovent. Tiiiw volume ib faithful to the general pattern of 
study outlined in 1027 when Nunibur 1 wan published but has appeared later 
than Hum anLiripatetb In tho menntimo tlio program as a wliole has taken 
sluvpe. Number 2 higblighty the incthodH employed and evaluates their ef- 
fectivenoHB. It is to be followed by u Hcrics of inonograplis applying tho 
teehni(pieH lioro crtliii)liBlied to separate economic proccaaea. A final volume 
is projected to weave tho resuIlH together into a theoretical account on how 
bu.vinosB cycles run lJ»eir courHo, nlthougJi a auminary preview is now 
proiuiscd for the near future. 

Tho inothods of analyzing tho bii8inc.s3 cycle arc developed to teat the 
bufiinoHs-eycIc hypothosift: recuriont expansions nml coiitractiona occurring 
at about Uio .same time in many economic activities. The first step is to adjust 
seusonany the original serins. Turning points arc tlien located by judicious 
cmployineiit of a Hot of mochanical rules, cHtablishing separate cycles in eacli 
series. Each of these circles is then represented in percentage variations from 
its aver age value. “Bpoeific Oyclos" are thus obtained, correction having 
boon Tiiiule for Hnasoiial ami inlcr-c3^clc trend. 

The H pacific eyele.s contrast with tlio '*Keferoncc Cycles,** computed Biini- 
lurly for each HeiioH. The rofercnce cycles cover the periods of gonernl busi¬ 
ness cycles. Turning points in genoral Inisinoss cyclea represent tho consenBUS 
of a collecLion of time series rather than points in a single aggregate index. 
Both the specific ami refereiico cycles, wliero the data are monthly, are 
divided hito nine stages, including the initial and tormnml trough, tho peak, 
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flticl tlircc Rfiproximntply fsfjual tMiricKJi!^ fr*r nM r^^riiMrOnn. 

Tim \o\vh hi lh(‘ rtnc\ ntdimuily m l^y n Uira. 

tQQtUkavt'r«t^<?. A?ii<?nt?t i‘'rjc‘Ji .pr-fiij^iv<r n %i<(r 

lion, inclutlinK the IhvcIh and dnralinn of vatiMM« nf rhinni^r 

tween fltttgea, and iiiler-cyrir chnn^'r.?!. (in^^ yi-rl r*i laldr U pi ridr fnr pfi^rdfic 
cyckfl and ftnolhor for n?n‘riiiier‘ cyclrK. An «dd3iir<ri:il r,^l }«; dc- 

vtlopod In ahnw tUa c(>n(ortint>' of tyrkiJi, In 

each work tnhlc^ vnluert are Riven h.^r ih^ i^r^iisiraie <ryrfn^ and h«r llm arilh- 
mctic mean and BverftRe deviPilinrir My juid lClILf r»vf r ih^^nf^riind le.r^iOily 

and qimrierly fiericjs had Itee'n J?n arndy^r^^l, firi»hi|;^a1ly ilr^twn fnijn llie 
United SUvU^ hut nveriOttfrnrn Iht^ thn ^* prinrif rr»MnUh,\«. In 

addition, over 2(Ki yearly have nn^dvtf.^d, a Hard id llieio from 
Kurope wlioro iiinnllilydata ai^le^flftvailahh*, Tla^^ > data rtiiirid In h(? 
a poor flulmtiluLe, however, Imeaufre mninr eyel^ rhnnR< niMmir within n ymr. 

But little of tliift nrork-fahlo informnlmn nmM I/e jirw-nlrd iu Ihe j♦rw^rlt 
volume. After providing a full dwripljrin of Urn njcihmk. nllmdinn turned 
to iftRiiew rCRAtdiuK the f*ffecUv*eru'^ht? of Ihem. rouHtdr-rnUun In; Rivru hy 
the rotonlion of tlio lntni*eyelp trend. ronvirliOH hw^ rf*r ulkil ficmi ihe fart 
that the [rend line deleMniried tiepr-nda i\\mn fnihieelive farlfirh Ingellier with 
a hclirf llmt l)ie Irtmd nuiatIm retained to reprm'iiit llui ^ryrle of rMjjK riente"' 
iv»lluuuuln( urmlyFiF. Tnmd adjUfilmfuU in h»und reduce eyvlU 

CttI varhihility and rnaken the cyele*i in diflerenl rnrirr it tujip?ir;i)ili\ 

Supplerncutary trond-adJuPlcKl daU anc! not ejisjilnyrd for nil perirH dimply 
because of tho work nncl expeniw^. 

The TiDod for BinoothSnR out random influenrep iniLially iw chrrkrrl hy nm- 
traatinp; rcflidt* ohUvlaod from amoolhinR four aeUml and hx artiHeiul tH riew, 
principally by MacauUy'H M3 tmn Minimation niiproxiumlely fifth-rluprre 
pnrnbolic gradunlion." Itia conriuricd that iniliiil .Ninnotbing wniild Hiu inula 
part of Iho actual cyclical inaveiitcnl Imi not all of Din rnndrun iriftnoncr^. 

Major atteuUonia given to Urn pigniricancc^ nf llu^ nveruRc ryehvicimumtfd. 
Siaco eyelea arc thought of aa unhpm oxiierienceu Uy llti! Xnliruml Ihircau, 
tlio employment of nveragoa prmnUi dilllculi prnblenm. Hlinuhl cydea bo 
grouped accuinrly or uccording to aonm achoiuc of long eycica heforct avorag- 
lag? LUUd rolnlioriHlup h found between order in Dine and dura lion and 
amplitude of 7 tent ecricB; accular chaugcH in durniioiiH niiii in amplitudes do 
not appear to be significant. Clieekri on the variation in ohiiracliT of luihiuc^.s 
cycles presupposed by the moat acceptable long-cycle hyimllifi^t'ii reveal no 
signlficnut grouping, ' 

MeaauromcnU presented in tho volunm nmve in ttlmoat all dinmlions. No 
moaHurorneut i« conBidored final; nil arc viewed aa atep^ in a aeries nf huc- 
cojjflive ftpproxiinatlonfl. Tho American monthly reference da tea tliroiigli 
1927, for instance, Imvo not been revised ainco 1020, although Roino are 
dofmlfcoly kno'wn to requiTo roviaion. Tho concUmiona cannot he applied as 
genornlly aa many of us would likoj they apply rather narrowly to tho 
BigninoanoG of tho National Duroau mothociH. 
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Uo tlio bcnchmarkB Hct out provide appropriato background for tlie forth- 
cotning analyaca of various oconoiiiic procesBes? The arithmetic mean may be 
called into question. Although the aiitliora are convinced that the median and 
positional means arc less satisfactory, the possibility of the geometric mean 
is nob considered. The provailiiig positive skewncHB of cycle-length distribu¬ 
tions appears to the reviewer to involve more than the artificiality introduced 
by Betting a inlniinum but no cfTeclivc maximum length for the cycloi 
Tho rejection of positional means in averaging cycles and accoptanco of 
them in meafuiring scuHonals may indicate that greater importance la at- 
taolied exlrenm values in tho former case. Separata averages for major 
and minor eyedns certainly would provide better clusters, and the reviewer 
liclievcH greater homogeneity* Since the series employed do nob represent 
procoHRes, the amplitudes sbudied arc of doubtful signiricanco. Hecognizing 
the imuhMiuacicH of all nieasiirahlo amplitudes, the reviewer helievcs never- 
tludcRH that tliere is a clear difTcrcncc in amplitude of industrial activity since 
1878 between commonly recognized major cycles and others. The aiitliors' 
data on length of expansions of deflated clearings show only threo of seven 
rising from major de))rnsHions lasting less than thirty months and only three 
of ciglit rising from minor depressions lasting more than thirty months. Fur¬ 
ther, the authors note "tho degree of cyclical dilTusion is correlated with the 
ampliluda of cyclical fluctiiations.” 

Mo>^l (jf the cycle mcasurcH would bo modified by displacement of the turn¬ 
ing points cm[doyed. If the rules e/nployed for determining fcheso turning 
p(uuls arc accepted, the cpK'Rlion should be raised wlietlier the rncnsurcs dc- 
vedopnd oYcremphaRizc them. Although the turning points are dated at the 
end of a fliit tO)) or bottom, there are many cases where the date is Rovcval 
jrumths hcfoie an ox])an8ion or contraction was recognized nt the time. 
Since most scricH show inlcrruptions of cximnsions and contractions while 
they are under way, wliy docs the terminal high or low point have major 
Bignificance? Nolaidy, tlic timing mcaaurca, which aro developed from a 
com])anHon of thnsc turning points instead of from tho iin.satisfactory, but 
widely used, correlation method, arc critically dependent upon this dating 
Bchcmc. 

Docs Iho holding that the cycle of cxporieace includes the intra-cycle 
trend, but excludes seasonal, represent a iSchumpeter position to the effect 
that the trend and cycle arc inseparable? Or docs ife result from statistical 
convenience? Many analysts will question tho authors* position that the 
busincHH (lomiiiunity fully allows for seasonal and not at all for growth and 
docndeiico. It is one thing to vocognizo tlm diflicultieH of trend ndjustmontand 
ai)oLlmr to ratiojmlizo tliat tho trend is a part of the realistic cyclical cxpcii- 
enco, Does not tho laltor position prejudge tho case to an extent that the 
chivraoLor of cycle to bo ultimately determined is partly postulated at the 

The raviower beliovos that pcr-inonlh averages arc ovorusecl. VVhion ib a 
worHo deiirofision; ono in which tlio contraction ahowa a violent and rapid 
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decline nrirl tliejrfdrc n law pr-}nrin?h ny^rta^^r **7 T^ijriwr^i a 

eloivcr dccMne tp the ifiamf* drjjlh? 

Tlio revierrer a^rec^^ lhal Uii? frr^jur^nl |lyn jr-rdemi; 

flcparalP judgineiib? fit aiJccePHive^ *4 hc4. in 

thifl cnM* roproM^nl n infi^iii^r Id n^grrinr TIj?' \\^ 

gree of eUigniice wc can nffonl ilr^^rnd^ df ]-f''diiI*'iH Car^^ 

ful study of Uit* vrtlmmr will give; I fir* flndr'nt n^dnl if^ijifri f^r 
Uricf! of tlio huHtnej^H ryric m a ilis'fihrL lyjw' flnr^sjafii-jn- 
Tiventyycara agn MilrhfiraanalvfnVi wa«: 1^4 n+ihfMjril f^pdy wpUji a ^umU 
titude of comj>f?tirig no'nrir^^* norn* of whirh l»;ol rlir<d;rn| 

with iiien^iirAlde ociciim'iiea. T\i^ Xn^ionul Hsircrto pjjc^lh(4./|»< nre* 
eiiiinfiiL today. Kcf»nninplrle anaUm lra.« pmic^mlnl n |i»ng and )ih!a a 
fiul»sUi\ti:il fr)llo>vi!ig. (’uncnnsilAni'cytlt* arjrdyw u gifiup of ail^ 

Ivcreuts. And iU<^ j^ririyr^nl ft'uovi'nof lUr K^yiur^'iau rouMuaiiliim** 

income* Llioory \\\xt^ iUmt nl re^arUnf carinx In llio jxrvolumt* 

lIic Nalional Tliircau only llu^srecnnd ntf (liPHf* roni^ frainr.'wnrkti, 
and Ml thiM can^? frojii tln^ vicwfwdiit of ivJifliior !li»* Irrn* h noirk AVrragf^n an* 
dintortctl lpy ignnring long eyries'. Jtr^iiKcl for Ihr tvork r4 rn rjjMOi'jrllml?^ eon-- 
ploying nnmnil data jk Heaknird, liriwejvrr, hy Iho d^’Jnnjn4ralrd ihadorjiiary 
of aiuinal data in Klirdyiiig cvrle^i* Alllnnigh \hf* volmoo dor 04 jiol 

nifttcriidly reduce Ihn aren of dM^irnnenl, \l irpTiiOfC'iil?^ mdy litn iidlinl 
evidaneft, \Va ctinimt i?X|>pct lUr Kaiional I^upaii in rnma U\ giipje with 
coiuprtitiR fratnewarkH until Uio nrr’ rjuuninineU 

How lo Head SlAtlstlcs. If. //. ^5. finidrh (Knrrnrriy of I'Miiralinn, 

Marquclln UnlvcrxUy), M^ll^ftukrr 1, \Vi«,; llrure* ISildir^lpIrig (Ni. tryii hW N. 
MihVAukoe Si,), lOlfl. Pp. v, IR I. t2M. Ttta rrnVuie/o/fou?; 

rir.viKvr nr l^cxH <ii*tTMA« 

AsHocinfr. /Vn/mor r/ AWiWoijy, eWoWf 

A k kahy jmtii In climb Inwarda a. KorvirrahU'. kiinwlodga of *-:l!Lti‘‘tical 
theory h pcn'iiiirully bring .smiglil. Tim Iniok now Uriiig [fnifrrrrrl try 
Dr. BuOicli \h another atk'Uipl In convoy Ktali^liral pnid^r^iaiidiiig lf» per- 
B 0118 without any niatlminatirnl liackgrouiul. lb* nddreKwrn hiinnidf to ihr 
•^Intgo umiil>rr of tracliora, ancial worktxa, jHX«nmicl tlircrtnrH. and iadiiHtrinI 
oxccutivcH, W'liu Ihruugh lock of npiKxUinity or iriclinallon liavr faiUnl Lo 
acquire the inJubnum of HUtiHicid lcriiiiu|ur.‘»,'^ Umt in, who have nnt over 
been trained to ivpply r formulu even in n juir^dy nmcbwnical fushvon- Tluv 
oinpbnaiH w to lie on Urn ‘'why*' and not on the ‘'liaw”; not u Mugln formuhi 
ftppcarrt in the book (albeit a few Hlaruinrd filgnbraic. Hyiubola are UHcd). 

The Hubjcct mutter covered run gen from grapliic prearntrUion and aver- 
agCB through partial and iiiuUr|i1a correlation, aaiiipliiig errorM, and atudyHia 
of variunco and covariance. Tlio examples uhocI are from cduoalional 
psyoliology. 

Tho prcHontalion m aiiuplo and lucid, on the whole. Indeed, it in one of the 
beat-writ ten atatietloal liooka tlm tevlew^cr haa aern. An unraaolvcd problem 
in this toviowor'a mind ia: How long will the material remain with the reader? 
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Can a poraon BufTiciently retain and appreciate the ideas that are laid out 
ijdore him if he is given no practice in computing, not to apeak of deriving 
the forjiudas that are the coiiacqucnceB of the ideas? This is a problem that 
well might be invesUgated CKperimentally by educational psychologista. In 
any event, Ur- IhitHch’s book can certainly provide n useful flupplementary 
dlHcuHainn to a more complete treatment, no matter liow BufTicient it is by 
itself for its intended audience. 

\ number of faulty Btatementa that sliould bo pointed out includa the 
following; The unllmr HtaloH that Htatistical treatment is required by sci- 
ciieert dealing with living tIungH, but not by the physical Hcioncca (p. 2); 
Llmt tlisporHions of di«lributiou« cannot bo compared unless they have the 
sumo average (p. 2H); that standard scores are more ^^strioLTy luatliematical’^ 
than i)crcontile ranks (p. 73); that a correlation ratio cannot he computed 
for n quantitative variable from a qualitative variable (pp. 102-104); that 
proiiability statemontH about samplo statistics can also bo properly inter¬ 
preted as probability Htatoments about population parameters (p. 143); that 
probable enors should bo uecd for standard deviations and correlation co^ 
efTicients (pp. M3-140); tluib the f-tost should boused to test wliethor or nob a 
sample could liavc been drawn at random from a kuowji population (where 
the pupulalioiv variance cun bo known as well as the population mean) (p. 
1(37}; tiiul that hi mosl instances the number of degrees of freedom for i is 
just one IcHH tlian the 8i7,c of 8ainj)lo (]). 159), The bisorial and totrachorio cor- 
rolaiion coeniciontH aro introduced as new measures of correlation rather 
than UH 0(|uivnlcint to the produet-moineut coefneient; their undovlying as- 
Humplions arc not stated; and indeed the cxamplcH used do not fulfill the 
ns8\unpLions (pp. lOS dlO). The connection between partial correlation and 
j)r(Mlicti(U\ is iniHConHlriicd by introducing a vaguo notion of a ^^rcal” cor¬ 
relation instead of using the definition of correlation used earlier (pp. 127- 
12H), In general, tlio nesumptioiis behind tlio various significance tests are 
jmt given, cspocially those of analysis of variance and covariance, although 
—in contraHb to other j)sychologists—the author introduces the normal dia- 
trihiition wlierc it belongs, namely in connection with sampling problems. 

DefieioncifB noted in the discussion of graphic presentation include the 
following: Grid lines arc drawn through the bars of a histogram (p. 0); in 
another there is a mixing of light and heavy lines for bar outlines (p. 16). 
q'hc iniprcssion is given that the median is graphically represented by a lino 
seginont, whorens the mean is shown as a point (p. 10). Pie charts are en¬ 
dorsed liberally for complicated comparisons (pp, 43-44). Vertical “fre¬ 
quency” HcaloH are retained for ii frequency polygon and a smoothed curve, 
instead of using an area key (pp. 03-04). 

IlUVinW I!Y HJ3I,EN M, WAliKlUll 

Professor of Education 
Teachers College^ CoU^mhia University 

T ub fttlcmpt to explain tho incjininE of commonly enconntorod statistical 
terms witliout using any formulas whatever and using almost no compu- 
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Utinn« h a Imk rcnuiring ccmf^hknaMj!!* srr^H 7i^ rMII m 

jmitinn, TUi^ hm Iwn nKjm? mj^ly ianwrriinlici- 

patril il coulO bo, knwin^ unly %t‘U l<» 1^?- n jir mtoWuhI. 

The languiaao h dear ami djsipb^ Urn n^*“ anrl 

within llic iin»lcjrf?landitiK of ivM/^^rn jok* !v Ui rf?vJ Ih'^’brfoh; 

ftlmOKt nil of the lenjiR nnliiafirily nwl in sa«ib» tii pO nro in¬ 

cluded ftlllvouj^U tho cyivera^e. h rov f*»r r«huafk»ji limn for 
biology, bu!'mc\‘^^ (»r oconnjy,!<-«; no prf'v^.wp^ pif p.i7/4l(i^<ri pr^ MyjoKd r 
on alert and inf|uiring mirul. 

The firiit major problem lo bo fnrM l>y lb»^ 'siril^f ^4 r-urb loot^'fial iw the 
dicito of tnpie«- HImll ho treni the lopirs^ llm like ly bf nor-^o up4<o in 

publi^<hr(l rejH’arfh or only IbyijH* lopii"^ widrh ho H''nl*id^T^s ;q»}fropii.Hif< to 
UHG? If bo couili^ cerhiin ouliotHloil I ho |?eri»on whu roadt^ )d?< hfmk 

in the hoi>oot fimling itrdightenment tm the loraniugof pnblbdyrMi rt ^e^ydi ift 
doomed to cliwvppoiiiliijenL Dr DulHoh nppnrt^idJy dcridod U* inrludr in the 
first port of ilia book (and to treat with fftatiwlicfif whiHi nre far 

Gflkicnl and more rtinbigumifi than mIIot roiok-fn wbldi ho 

troaU itilttUr dtaptorN/riio it».viwer woviUI <|iteitirm tUi+^ 

The iopica referred to in lliin kxt tnetudi>; fre4|>jr*n#y il'rKlrihiiliMn (li pp.), 
conlral tendency (H pji.}. grapldc I?rm b'ifi pj^ K rdl of wliirh ran ho 

prcscuUd ondly on n ium-U».dinki^l kvd ami \\ns*ft>. Iwrt Uealvil >i\ n nvnn- 
ber of introductory kxts; iiionfuireK of dbiirrMon (Ml pp.}, irirlurlinKqinirliln 
dovialion, mean deviation, F^tandard deviation, with Iwn rMJnp\iKatinuH of 
ouch from easy data; the tranaformalion id mw 3^enrr?if into jiierrenlile ^e(^rort 
and aUndard floorea (12 pju); itimple correlalhm and rc^grwioit (.Ti ppOi 
indwcling brief incntion of the oorrcliition rath*, bi-^erial cnmdatioii, the to- 
officront of contingency, and lotracluirrk r; multiple regn^i^Hon ninl multi pin 
and parUal corrclaUon (2\ pii.); a clmpicr calletl "Meamire^^ of Ilidialulity'' 
(16 pp.), which bringa in ttuth terniK m sniiiplt» and in*pulation, elnliHlic 
and paraiTiclcr, ruudont aaiiipte, sariiplirig crrcir, roiinpling diHlrilailion, 
fltandard error, "determining Uiolirnlt?* witliin winch a inirumiiler will jm)!/- 
ably be found,” probable error j a chapte.r on ‘"Mmum's of t^ignilieunco” (17 
pp.)r which brings in ancli lermn as thes prolmblc error cif a difTi rericc lad wetm 
means, critienl ratio (i.e. a difTcrence dividc^I by iu prolmbln error), the Mrst, 
dcftreca of freedom (on which a fair ninoiml of light is shid in less Ilian a 
page), the null hypothesie, and levels of significance; and anecond elinpler on 
mcoflurcii of flignificance, including tho chi-flquare tcftL (6 ppj, treated willi- 
out roferonco to the provjouH inenlion of the cocnioient of cnnlingoiu'y nnd 
wUli an example usiug a 2 x2 Uhle of only 40 cosch in wliicli Yiktcs' eurrcclUm 
would have made coiisidmblo difrerence liad it been apjdicd, arndy^in of 
variance (7 pfi.), and analysia uf covariance (tl pjk), 

After the topics to bo tronUd have bcmi cltskrnnned npnn, it ia iiulcrd a 
difliOldt task lo make thoni toko on meaning without oitiier ctnnpntalional 
oxorciacB or matboinatical derivations. In fact, it is practically iinpoHuiblc to 
bo Sntolliglblo on an olomowtary level and also oompletcly oorroet if ouo la 
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dcivling with topics beyond tlio simplest ones. If the writer of such a text is 
primiirily coticerned with inukiiig stateiricnta which cannot bo misconstrued 
and which cannot bo called in question by tho person who knows his theory, 
he will hedge \m cxplnnations with so many conditions and qualifications 
that the reader is left in a haze, Therefore it seems pedantic to point out in¬ 
correct Btatoinents and inconsiatencios in a book whioh on the whole creates 
a very favorable iiiijircsHion, but nevertheless it seems necessary to mention 
a few such. 

There are about 10 pages devoted to tho probable error written in tho 
nmimcr of 20 years ago, even including sueh a statonicnt as the following: 
''TluiH, if a correlation coe/licicnt for a particular sample is reported as 
,C0 ±.02 wc know that the clmnces are oven that tho correlation for the total 
popnintiou will not bo less than .68 or more than .62; and the chancoB are 
very remote that it might bo as small as .62 or as largo as .68.*^ After reading 
this, it is a real sur]}ri.sc to come upon n rather good elementary treatment of 
h The spirit and even the phraseology of these two sections are so dissimilar 
tlmt it ia liard to understand how tho author who wrote one of them could 
ftlbo have written the other. Tlic relation between the criticol ratio and the 
f-tcflt is left in sonic confusion, Tho reviewer feels that the extended treat¬ 
ment of probable error witli all the outmoded phraseology of interpretation 
is unfortunate and tlmt it would have been better to make the whole explana¬ 
tion in tonus of standard error wibli a sentonce or two explaining tho relation 
between standard and probable error and a statement tlmt tho latter could 
have inclining only for a Htatistic that was normally distributed. Tho implica¬ 
tion of this section and the suggestion on page 147 that tho probable error 
can lie applied to a difference between percentages, standard deviations, or 
coeflicierUs of correlation sccniH to uuggest that all sampling distributions are 
normal aliltough tlmt incorrect Btntcincnt is never made, The term, ^^sigina,” 
is used tlirougbout iimlcud of the more straightforward ^‘standard deviation.** 
Why nnthor.s do tliiH, substituting the name of a Greek letter (which is no 
longer widely used as tho synibol for the standard deviation of a sample) 
for ft perfoclly good noun, tho reviewer never can understand. The treat¬ 
ment of partial correlation is particularly happy though it might have been 
iimdc flLill bolter by the use of tho concept of rcsiduftl error. The illustration 
of the Most on page 167 Kcoins to suffer from errors in printing and will be 
most confiisirig; it refers to ten scores but prints onl}'' nine. However, tho 
mean as Rtatcd is not the mean of this nine. Even by adding a tenth score, 
which would pniduco tho nioftii quoted, it is impossible to scciire the value 
of t quoted, and the reviewer cannot decide wlmb computations were actually 
made. Ckulain toj)icH such as tho correlation ratio, bi-scrialr, and tetrachoric 
corruliitiim am LreaLrtl ho l)riony Lliat one wonders if their introduction will 
not 1)0 oonfuaing. The book might Imvo been made moro useful by the in¬ 
clusion of well HOlected annotated roforonccB to more extended treatments 
available olHowiiorin 

Tho person making his first aoquainbanco with statiatlonl method will gain 
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much ljy u cur^^^ry r<*adinR nf thiw br^tk. It rrih r^r-urwnf'Uili^d dh?? ^phg 
wanU only to know the* jiii‘n*"]rfl1 f^i^iiil of ,?vl;^i3^8 irrj t)ial 

b ihn iH?n!<Jn fur whom Uim wnikn. If ihb 

undertakpji Ui imi Ihr intfnlaon?illy of Inr^iik ^i-r^ a 

for Writing an iul^^rnrx’lation of data, if h^f* to of in- 

divuluaJ ton far, hn will lirp Irybig lo ff tv^ pi injr|W(i 

which it cnntioL fuirili nnO which \i^fv^ mt^aohd fio fnUjll. Thr^ wiiw 
has (iGffignod thnlMmk for *'n largn nujoli^rnf 

ncl dircrlnn^, and iinhif^lri/il Gi«rrnliv<"^ whn Ihj^'Ugh of opporUinUy 
or inclirmlioii linvG faiM h» wrtniiro n ?oirhnni 7 H of ftUi3!'.|l3''''r4 l^r’rlHiifpirft"; 
mnny of wliojn, hnwovor, "nhouM l^f nlilo pt rrad tlir* nMirk^ oaoploving 
atuLiHUcnl proerduroR nrnl ulionhl ril lrH.«l h^ nhk' lo niKlo^pt^ioJ tin* 
nnd tlio rcwiilb of Iht* ^'dinieiucK prnploye‘d.'’ For fnrh («rrKn!^ linn l»onk 
ahouhl l)& vm^ful. 

RadlmopUry MftlhftmailtB for BconomUif and aioliBiithinBr \\\ h, rVMoi (IVtH 
fcftwnr of k>nrinmiry) and J^Hph /!. (Prnfrwur of Kr'^nomirF^K (Har¬ 

vard Umvtirhity.'^ K revimon id Bnpjdi'nmil h^Qu<^iU<fh /ouifiof m/ 

Vol, Q2, May 1038* Nrwt York 18: f! hif*. (330 Wr-M dSnd 

8U), IQia, V\k. xi, IH3. 12.50. Ttc^i 

UtSVIKW lit J, I‘, NfoMlMN 

CornrU Hwim-^iKy 

P BnnA.rH tUa iuohI tJut^^Unding feature of the lonik the i^nltigogiral HkiU 
with which Uid nludont h iiilnHliiml In and Ird through Ihn (iohl r)f 
Mvlculu«, Tho ciVBC of oxpoaiUnn, nnd the PunonVh nhd widldnl^^RrMlcrl dr- 
vcloprnont of Die Idnu of rntea of chiingo nnd Lhrir f\v»iteihnlJi^ Uerttmonl, 
reault in a voUune wddcli placoB nil lcaciit*r?i con**ider«hIy in Ih** df'hl of Dio 
anthorfl. From this point of view Iho text rojiiprirra faviirnldy with Midi 
almplo and aucccwnful iiUrniliicliniia into Dm paUerri of thniight of Dm 
cttlculuH as IJoMorgau’H uml Irving Kinhedn, 

Tho present volume covers very niurh Iho ^aioo ground n« thu wvihknnwni 
otiginal, which waa puWmhc.cl u« a Rupphuiouii In Urn Qiunrkrfj^ Jimrnnf e/ 
Economics in March i03B, Tim new inatrmi indudea paragrapliM on Tay- 
lor^B Bcrics, on hoinogoiicuuH production fiinrlioiw* on I.agmngo iiiuUipVmrH, 
on tho concept of the inlcgral, and an oiihirgnincut nf tlic trcriliiiriit of 
higher order differential cqualionH, A hriof (liHniKKhui of didvrniinantH i« 
added in a jic^v clmpLor. The book Kliould nmko oaay nnd plf*asiinL rriuling 
for any student who mill rciiicmhm Dio ewiicm of lim high wchnol idgohra 
courso. 

The leBtt sntUfaotory aspeoU of tho hook nra the abHonco nf Inldingrapliiral 
material and tho abaonco of proWemH nnd oxainploN, ^Yh5l?h Htvuo inHUnrloirt 
□r roadora may doploro. Tho liook luldroiiHeH it«df primarily tn llm fnUira 
OQOTiomlfit rather tlinn to Urn fltatiftliciun, 

Thoro ie no doubt in tho mind of tlio prcHont review'or lliat tlio bonk will 
bo flincoroly woloomod not only by tcmchers but also Ijy tlioflc stiulontH in 
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economics wlm do not feel quite up to the task of working their way through, 
eay, Allen's Mathcmalical Analyeia for Ecoiiomials. rrojoctert against the 
haVkgrnund of jjrcscnt-dfty textbook litcratuvo, Itudimenlarij Mathenialics 
for Ikouonnila and Elatialiciam represents what may be considered the prel¬ 
ude to the iiiclUHion of mathematics as part of the oconoraica curriculum. 
I’rofoHSOrH Crum and Schumpeter in their foreword seem to suggest such a 
claim and the boolc provides ample juslifieatlon for it. 

In trying to cvnluule this hook, two (lucslions come to mindi (o) Is there 
need for a hook of lire nature of Crum and Schumpeter's Rudimenlary 
Maihcmalica for Ecotwmiala and ElalUliciam? (ft) Since it is written in the 
fashion of a textbook, or at any rale, in such a way that it would lend itself 
adniirnbly to use a.s a text, should tho existence of such a book lead to the 
cstablishincut of ft course of a aimilar nature, and is such an addition to tho 
conventional economics curriculum desirable? 

If the book is used ns collateral rcoding or for purposes of aolf-study, tho 
answer to tho first question is an unreserved “Yes.” 

As to tho sccoml of the two quealious, it will not bo easy to roach a satis- 
facLory answer. There can be Utile doubt that mathematics and mathemat¬ 
ical tiiodcls of thought are being used to an incroaaing extent in oconomio 
literature, This cmpliiiHis on economic analysis by quantitative loctlioda is 
no longer limited to the loftier ureas of the graduate curnculum, but it hoa 
been introduced into the rather podcBtrian regions of the inlroductory cco- 
noiiiicfl course. At the same time, tho training of economies Btudonts in the 
mulcrstaiiding and the use of malhciimtica! language is sadly lacking. Ihe 
question of how to remedy this Bilualion is certainly one of fjc moat nn- 
porliint of Ihoso confronting the plaimcrs of economic , , 

lorn is ft iiciIiiRogicol and an adininislrativo one, permitting many widely 
dilTcrciit nnswers. Hhoiild tho student in economics undergo a more thoi- 
"wIIb in Bay. Ihr.nBh 11,0 o.louln. «. .iron,d by to 

cxislliiR innlhemalica departments? Is Hiioh an intensive tmiimiB. as an i 
li'crid part of a .slndciit's education, foasible for, eay, the student in acienco 
hi mlt hir llm young economist bccanse of "lack of time” or any other 

^’'SiriirbcUof. although it is rather popular, 

Ah in the ease of tho Icaehing of statistics to cconomiala, the point of view 
Jr.ul™Tlto U.” 0 «r inlrodtoU™ •' “ o,u™ into tto tornoulnin 
may not iirovc to lie altogether happy and desirable in the long run. 

11KVI15W HY ClBlUlAnD TINTNBR 
Profi Kaor of Kamondca and Mathematics, loxva State CoUcye 

rn.im book provides an elementary introduction to some mcthocl^B of ma^o- 

—.I.— 
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tflkcp /rom tho theory o/ frmrgJiml coaI, of Jcijmiid cun‘c«^ nf luorgiijal 
utility and of jnnrKinnl rctvomii;, CImpter 4 tlbcuwH rwloft nml clerivativcH. 
Tliia iDcludc* vurioufj rulca for clifl'ciruliatinn, which nre, hoivrvrr, inlro- 
duccd without proof. Higher derivatives, Taylor Kcric^ pnrlial timl total 
dcrivfttivca are also included* 

Clmpter 6 UkcB up mnximft and luiniina in otio, and in ^foveml varinhlcs 
n« well a hrlcf Ircatinenl of inflection pnintf». Kaoiniiilefi nru Riven from 
QOHt nud production theory an well m from tli<? wlnlihLical lluuiry of linear 
rcgrcHfllon- Chapter 0 dcalw with difTcrr'nlinl enuali<«hH rind Llndr inlegratifm 
aa well ftft with dcRniUi integrfdrt; aUo dij^niR^^pd are rSanUrity of d<»r(mnd, 
compound interest, total utility and Home ^fimple prohli'Mi« in eroiioinio (ly-< 
tmmica. The Inst chapter givcw an inlrtnluclicnt In determirmnt?*. 

The ftuUiora ought to Im^ cuiigratulaled for having achieved almoat a 
mirnefo of concfeIl^^ntion. A great nurnher of dNIicull auhjecl^ arn diKciit^cd 
in a vary small space. Tliia could only be achieved by prejieiiliiig nmny 
malhomaticnl theorems witliout proof. 

This laek of proof nmy, however, Ikj confusing to the reader. It would 
liavc been posi^iblc lo give, for instance, exact proof of l)ie rule for llm dif- 
ferontmtion of a power if the hi no mini ihcorein had l>cpn introduced. Tlie 
authors ah on 1(1 have included thin llLeormii alnn Uicauf^i of iu great iinpur- 
lance for the utudciiL of slaliHticsnnd probuhilily. Cln the whole, the needs 
of tho student of stalislica are sontewhat ncglcoUnl; line only staLifitical auh'' 
jeeb used as an oxainpio comes from the ilieory of siniplc regression. Other 
proofs for rules ol diflereiitiation could nbo liave hean given willujut too 
much trouble end without adding oxceHijivcIy to the bvjlk of llm bunk. 

This book cortniuly fulfills a very useful purpoNS m an inlroduction to 
colculuB for tho somewhat malhoinalloally indirmd and inlorcaUul ncononiiHt. 
It ia particularly rccommondecl bocaui^a it h free from the prcnncupalion 
with phyaice and especially classical lueclmnica whicli ohuraclorizcs ulniosL 
all inlroduolory calculua books. A knowledge of these Hulijcels ia of no 
great imnortariCG to the eeonoinist. Ue will stive hinmdf tiiini muI unncccs' 
Bary troublo if he uses this introduction to culculus wliic^h uliliiica exclusively 
examples from economic theory and luathaiimlical stuliiilics. 

It wo compare the present book with other avaihtblo introductionw lo 
mathematics for econoinisU, it appears that it is woniDwhat infrTior to 
H. G, D, Allcifs itfol/iema/icdi for Krououmh which is gencnilly 

considered tlio classical treatment of the Buhjrct. AIIoh'h book covora a 
much wider range of nmthotualical theory and atfio gives an alniost complete 
survey of tho tradilional theory of nmlliemalical eronoinicH. Another liook, 
Elemenla of MalhcmoHcn for SlndcnlB of Kcoacnm’rs and iSVnffdirw, by 1). 0. 
Jones and Q. W. Daniola (University Prewi of Iiiverjioid, Iirmdon, 1020) is 
also eomowlmt proforablo. Uut both of these books aro written for I'liiKlinh 
etndonta who are ablo to approach college economics with a bettor liigli 
acliool education in inathonmlicH, Ilcnco, it aceina that tiicy arc not aa 
suitable for tcnchlug purposes qb tho present book. 
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AM the examples incluckd tire Artificifilly conatructcd, One may wonder 
why tim nuthorH have not imcd some of tho rcauUs of recent empirical eco- 
nouiotric rcHoarch. Tlioac would provide cjccellcnt examples for nn introduc¬ 
tion to nmtlieiimlicnl and Btatistical incthods. The authors could have used, 
for iuHlinme, some of the empirical demand curves eBtablishcd by Henry 
iScliull^, Die production functions of Paul Douglas and liia Bchool, and tho 
cost fiiiicliorm nHtaliliHlied by Joel Doan—to mcnlion only a few poflBibiliticfl. 
These mnpirical resvilLs should taka tho place of tho artificially constructed 
cxainplim. They could be expected to appeal morn to tho students of cco- 
noiiiicH and HtutiHticB and atiinuluto in them an inclination towards em¬ 
pirical rcsenrcli. 

On Iho Solution of Normal Equations and Kolated Topics. David B. Duncaii 
(Pivwictt Hflioliir, University of Sydnoy) and John Kenney (Univcrmfcy of 
\Yiscnn«iii iil Milwaukee). Milwaukee 3, Win.: Dook Store, Univorsity Extension 
l)ivl-->luu (023 \Vi*ftt SUito St,)» 1040, Pp. iii, 35. $1,00. Paper. 

IlKviEW i3V WaltrhL. Dbrmbii, Jll, 
lA, Oolonelt Air Corps; Chieft Deparhneni of Siatislice 
AAP »S*c/iool of Avialion Medicinct Randolph Ptc/d, Texas 

rpiiK preface to this monograph states that it is "intended to sem as nn 
jL inlrriduetirm to modern conipuLalionul methods. . . . Wo explain the 
iiialrk tlicory that is useful in this connection and then describe soine of the 
‘cumpimD iiudhodH which have been developed rocontly, including the useful 
^«i|i)ar(‘ jiietliod/' 

Actually, it is an introduction to modern methods of computing the iu- 
verHu of a matrix and to computing tlic Holuliou of a set of siinultancouB equa¬ 
tions. It is not mi introduction to modern computational methods in goueral. 

Wliut the numograpli does is to give in 35 pages a very clear and detailed 
explanation on an exLromcly oloincntary level of how to solve a set of almul- 
UnenuH cqualionn and how to got the inverse of a matrix; it also gives the 
matrix lluMjry, so timl with a very amall amount of study a bcgiimor can 
learn to do (Im computation quickly and accurately and can also learn why 
each step is taken. 

For someone with no knowledge of matrix algebra, tliia monograph is an 
cxcelhmt introiluction to the general concept of matrix theory and its 
application to the solution of simultaneous equations. A thorough study 
of thin hook will give even tho beginner enough background to proceed to 
more advanced nmtoriul on matrix algebra. 

Thn first two jHigca explain how Bimiiltancoua equations arise in least 
Hf[uarCH theory. This la followed l)y twelve pages on the more cleinentary 
propiu’lioH f)f malriocH and dcicrniinantrt. Tho general concept of factoring a 
matrix a iirelhnimiry step to finding tho solution of tlm oijuatioii or to 
finding an inverse is llion developed. The next fifteen pages are devoted to 
an explanation of the aquaro root mctlmd of solving equations and getting 
an inverse. This part of tho monograph ia particularly good. Ihe exposition 
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IB very complete, nncl enough dolftll h given, ivith nurreric^il m 

thftt ft beginner ean follow it with little trmible. This h fnlbiw<:^r| )iy two 
very uftcfo) pagea on tho tnethoil of nmving tlrcinml In fudliUle 

coinpuUition. Tlio pamphlet enda with Iwo m\ tton«yniiiiC:triG 

equations. 

Tlvo nulhora develop no new theory end maki;* i\r» tUlm Ui nrigiuaUty. 
They have quite wisely rofnunccl from trying to r^cjilain Uin wide variety nf 
tTiGlIioda now available for computing an invrr^. Thoy havip a 

moLhod which they believe to l>e one nf the WA, and have exjdainrd ilmt 
method ill detail. Thia reviewer l>eliove« Umt for routine catrulntinn by 
clcrke there are bettor inclhoda than the ai|tmr« root molhmJ, but evon it 
this ia true, it ia not a aorious Haw in llilw monograph aince afl-or studying 
tliift book the beginner may go to the lib*rature (Cliere h a fairly eomplcUs 
bibliography given) and make Imr own evahmtion td incH™la. 

It is liojicd that a conftolidatioii of the [leriodical literature on the theory 
and practice of BOiving aiinultnuoouB cqualiono ivill a<Kin appear. it 

docsj lliia book by Duncan and Kenney will be an ideal companion to iL 

TJiiforliintitoly, there niro a nurnlier of misprints. Some o( them will eaune 
no difliculty even to the beginner. Others nmy ciuiius the beginner uornc 
trouble, particularly iho»c which occur in uiimerical examples where croaa 
reference bclwoon the data ond the or^orationi of jkiIuUoii is mnde dllTicult 
by groKH errora in Imnseription. A number of such errors occur nn lutgoa \H 
and 20. A list of nilaprirtts found by the reviewer followii: p. t), line d, fur 
cafionn read row; j>. 0, equation 3ftp for 0 read G*\ p. 13, exercieis I, fur nuper- 
Boript 5 on MaclAimc rend 3] p. H, oquaium 21, fiintt eriDnllon. fur read 
hi; p. 18, equation 20, second oquation, read for 

p, 18, lino 10 (,8u^ ^read ,183 for .nii p. 18, lino 111 {ki^ • • - )i nuul 
2.03 for ,777, add to end of expresaion «,777i p. 10, lino U) from IwJttoni, 
for (0.023) read (-0.023); p. 20, lino 17, for A reml 0\ p. 20^ lino 18, for A 
read 0; p. 20, lino 6 from bottom, for .777 read 2,03; p, 20, line f) from 
bottom, for —.037 rend +1.00; p. 25, lino 8, for .132 read “-,133; p. 25, line 
fl from bottom, for (,3B4V read (-.280)'; p. 25, \\w 3 from btilLoin, for 
(.030) road (.030)^; p, 30, oxcrciao 1, the matrix given for eliould have Lho 
decimal point of each element moved four places to the left; the vahics of 
the Ui are correct ivs given; p. 32, lino 12, for x’ read x; for t/' rend U; p. 32, 
lino 14, for 10 read 10"*; p. 33, line 11 from bottom, for P read U. 


Govornmenl Slallfllics for Buslnoes Use. Kdiled by Philip ht, //ainrcr (ApHisJant 
Director, Bureau of tho ConRUfl) and irif/mw Tt, Leonard (Deputy Chief, Divi¬ 
sion of BUVmlical Slandrnls, Bureau of the Budget). CWariiinglon, D. C.) 
Now York 10; John Wiley <5f Bomb, Inc. (440 Fourth Ave.), IHIO. Pp. xvi, 432, 
16.00, 


Ubvikw nr Wii.uam A. Bi'uim 
Pro/caior oj Buainm SloihticM, iStapford Uniut^niiy 


T urn book lolla what informallon ia ftYaibWo from Uio Federal Govern- 
montj the ogonotoa from which it can bo obtained, and ways In wliich 
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it Cftn bo opplicd to buflincRS nnd economic problomB/ according to tho 
jacket. More precisely, it is a descriptive reference book for business menj 
aoinewlml incornplcU and loosely organized, but neverUiclesa a valuable 
guide to Iho principal types of government data useful in management, 
production and mark(5ting. It is written by twenty government Btatisticiuna 
(Rcventccn of tliein from the bureaus of tlie budget, censua, and foreign 
and domcfiUo coniuiorce) wlio are leaders in their fielda. Tlio book is properly 
divided by auhject inatlcr rather than by government agency. Chapter 
hendingrt iiicludo general business indicatorsi manufacturing, mining, agri- 
cuUuro, wholesale and retail trade, international trade, public utiUtiea, 
corporiile fmaneial RtatoinonU, money and banking, prices, population, 
hnuHing, and labor. 

The treiilmont is primarily descriptive, with tow tables or charts of tho 
data thoinBelvcH, A useful dUlincUon ia made in some chapters between 
“Ixmclimark” statiHlics (cbicny coiihua figurca), current datftj and special 
s\uvcyfl. War agency staliaLics of ephemeral value are properly omitted. 
Units nre cjmefully defined in many iustancoa (for example, “wholeRale 
prices/ page 30H). Some of tho writers also dcBcribo the gapa and defects 
in Lha available figures. 

A praiseworthy effort is made throughout to show tlio general uses of tho 
data ill busincHs, chiefly in general management and marketing. Sometimea 
ffpccihc applications arc also cited. These range from nctua] cases, such as 
iliat nf a puUlishcr who nmtehed subscription lists against census schedules 
(p. 3ri7), to more unrenlihlic BUggealionfl, such as that tho operator of a 
HMiull grocery store should keep o lon-ycar monthly chart of five general 
price iiidexcB (p. 318). 

^Vhilo tins book is of average length and contains much excellent ma¬ 
terial, it is Hlill fur from complete as a source book for business statistics. 
Lillie reference Ln made to important private sources of data (except for 
minr^ralK) on the iiisunicient ground that "thoBc sources are generally well 
known'" (p. 10). ICvcn within government sources, was neccBsary to leave 
out many fitutiKtical serica of direct interest to business” (p. 16). Further¬ 
more, wlnlo xoinc topics, such aa national income cstimatcB and the popula¬ 
tion consuH, arc discusHcd in detail, many others receive such fragmentary 
treatment us interest rates (pp. 287“'280) or ^Toroign Commerce Weekly con¬ 
tains fr(!(pUMiL arlicloB on variovis aspects of foreign trade” (p. 109, 
quoted in full). The buBirinss ocoiioiiilst or statistician may also feel that 
the bfMik is "wriLlon down” for the Bumll businoaH man. For example, both 
foreword and introduction altGni[)t to justify the use of Btatistics themselves, 
and eliapler introdnetionH point out the iniportaiice of such topics as manu¬ 
facturing, trade, and pricoH. 

A few writetH understandably stress tho virtues of their own bureau e data 
(for example, national income as a business indicator) without enough atten¬ 
tion to the liiniLationa of their estimates or tlic contributions of other 
agoncicH. Those who diacius tlio work of others are apt to be most objective 
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md critlcftl. The ^eilftna on mnnwraelnrinir* fjrianrml 

and brtiikinK nm HinmiK the \f^^l in Ihi^ r^-pprci,, 

A final dnlicl^^iii ro/lectH Ihe difllciiliy of Hsling t'f ijsanv 

pendent conlrilnit^irrt. Thero in ftoine nnt-vrnn*^'?'^' «rr'?al^j rr4, i^'irh m in 
the induHinn of illihtrnlive Inhlrp. wnr ngf nry dyiti, fid’Si rl v^, rhi, - 

eificiiUon wtlnn cliapt^n*, eaM« citrilinn^^, and Nvr rd figh^r^rt n nU^r. 

In some of thn Inlter ctv^?<, Hich an niUU < 3 sp. 4^^ ir^ri^ fued 3 <iUm 
( pp, 11-1, 30/)), minor tli?^rn‘(iiinrir'-*i indirrilf^ tlmt 
have nnl hm\ rro^ijt^rhrrjipd. Tli*' iivh'?it, h an r? w) 45 ?il n;tj in 
n hook of ihl.s kind, Mlmnhl he iBiore ih'Udh <1 nrjd ri^v*^,n>-r]j4-wRi!},r(h ’i h*" hiMhiK- 
raphy, ton, might wdl hn innrv* cnniphd^, and rla^KftiSird hy i^iahjirrl r^dhiT 
Ihnn Hnirce, as (lie hm^k if^- 

Jh^^ipiUj liTnitatiniiiS, the honk proridriwj hnlh lh« hndm^M u.nn and 
the f^lftthlirian with n vaUmhIe aynthi dw of grivrrn^^ id dahi. Wiih 

the VTar f^tiiiiulun in fnrt fiiidinK (t^n([K*rrn| hy {]w lYd^^nil Ih jHiitfit A'^ t *>f 
10-12), the current nmhUuiU9ronHUf< prcigram^fiml improve u ir nlw in ^avupUMK 
tcdiniqueH, the governirieiit*« KnUr-lienl nidw to lm^ine^ 7 ^ tlmuhl p»r*tiiini^ In 
inma^ui. U its liopcd Ihnl ihm YoUinie will W in llit? (uture hy n 

fllill iiinrc coinprolieiiMve and critiral injrvcy of governiiient and pHvot^^ 
conlrihiilionH to Hlati^lIrN. 

Changes In Income Difllribullon During the QrcAl Dapresdon. HruM .Vmdrr^* 
hnmen (Pnifrwr nf IknniiigUm C’illrftrf*h nn ltrwf»nrr)i 

in Jftrnme and WealUij Htiidie^ in IiKome nml W(<nirh, Vid. 7, Xew Y*»rk '^3: 
Knlinfinl inirf<iiu nf Keniinmln ne^^flArrli, In^^, (IldO IlnmdwA>i, 1010. Tp. xviii, 
108, $2.50. Tuo nview^ /nMoio; 

Ukvibw i»t Moimjn IK IIam^i^.s 
«S 7o(i£(vc«il Anirietrint <n lh<i fliVecfor 
liur^dH ot Ccnsunt, iriiiffi»ip/nrt, />. C. 

T iiiH ftludy of the cheingeH in incoiim diNlrihiilhui during the ileprru^f*inji 
ycariH i« ljn«n<l priaimrily on nri ftimlydfinf inmuMO dnU rr*f)orP‘d for Indli 
1020 and 1033 for ukntind riuiiilim. Tliose daln, whirli ^how ihn jnliil ilis' 
trihution of I02f) and 1033 income for a aarikple rd fuiMklii''^ in enidi nf 33 
ciLion, woreohtiunrdflft ftparlnf llio Mnniidal Purvey nf IJrhan Jluii^ing Inkcji 
during 1031. Although there in little infnriiialinn dicnviiig the irioimir[< rd 
identical finnilica at dirToreiit tliiie pcrindfi an effort ia made to bring wliut in 
uvaiUible to hear on the. pr<ddciu in order to verify the inferenecH drawn. Tln» 
author ohtaina pumiimry aUrUhlioal de^icriplinns of the data and formuhilo/^ 
nud tcwlH hypolhesRH eoneenniig the nulure of inermm j^lnfU dkirinw a prrind 
of economic nucUmtioriH, with pririmry nttmilinn ceiilernl on n |i(*rind nf 
filiift from proupcrity to depression. The HnulyHiH in an iiileiiMVc one nf Ihe 
nvailublo data. 

The reat of my rcuiarks will deni primarily will) llio iiiOthoilH emplnyrd 
TAthcp limn tlio economic Hignificance uf tho findings. 

It 19 difficult in reading lha book to dotcrjnino whcliinr it is directed prw 
mnrily at one intcpcated in tho methodology, or at ouo interested in tho eco- 
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nnmic Uicory involvcrl. I'or one concerned with the methodology, the book 
Hhonhl he of imrlicnlnr intcrent an it containa a full exposition of the lech- 
niquoH of ariuIyhiH employed, and the reasons for choice of various methods. 
In addition, nllrrnalive molhodB of analysis are carried through to in¬ 
vestigate whether a dilTcroiiL approach to a measurement being made or an 
hy[lothrhiK hiung ICHted would have led to difterent concluBions. For example, 
chiuigeH ill inrfuiic inequality arc studied both tlirough ufllng the cocnicient 
of variation as a t^lcaHu^o of inequality and tho cocmcicnt of concentration 
(liafjcd on the mean of the difTerciiccH hetween individuals, disregarding the 
(lircelion of the difTerenccH). In chapter 2 a particularly interesting method 
of analy/dug clianges in the sections of the income distribution is introduced. 

For one prifuarily interested in the particular hypotheses explored and the 
oeonmnicsignificance of the nnalyhij^, many useful results arc presented; but 
the diHcu^^HinuH of methods and of oconoinic iiitorpretaiions are so niter- 
fiiixed tlir<Mrghout that it is harder to read than would have been tho case 
if the inethndologieul asprclH had l)con concentrated more heavily in the 
apinuidiern and less in tlic text. 

T)i<^ author was limited to data alrcadj^ available to him from existing 
Fonrccf*. Att a con«r(|uence, he had to use such data witli ^Yhatcvcl’ defects it 
might li.ave for Imh analytical puri)OHe.s, The sampling carried out in 3a cities 
iit llie Mimni-ial Hiirvoy of llrban Ilouaing was subject to a number of 
bia?<,MK. dm* nui never he completely sure in analyzing such data exactly how 
vidirl his i rnirhiHonH will hr, huL the author altciupta to determine and indi- 
calc tin* proh.'ildn /mture of any biases in his results caused by tlio kind of 
original data lie woh working wllli, and lie BUcccedH in making cffoctivc uso 
of the nvailahio inforiuatuirn 

WJule higli >ilandiirdH of nnnlyaiH are followed for the most part, there is at 
least one major point in wliieh ft sorious miflinlcrprctation has been made, 
anrl a nnmlier of minor pfiints in wliieli the analysis may bo qiioslioned. 
The /uineipal prtihhMn in in chft|itor 1 in tho aimlysis of changes in tho 
average irieonm level of eilios. The aullior draw's the conclusion based on a 
regrosMon umdysiH that eilies witli low income level in 1920 have a greater 
rrliiLive flerliin* in income than cities with liigh inconie level in 1020 (see 
pages 10 ami 2(1). lie hIiows that the regroHsion ol 1033 average income, Yj 
on 1021) average income, X, has nearly the same slope as the line through the 
origin Invving a .sloju^ of the ratio of the ineaiis, but the regression of X on Y 
lias a very much steep or slope wdth respect to tho X-axis. Ho properly con- 
chidcH that tlu'H* tsvo linos would have been Identical had there been a 
jiorfoo.t cfirrolatiipii lii'twci'ii X and T. However, ho concludcB that lack of a 
])i*rfiM't ciUTchition ariHOs from errors in the ohservatioiiB and that the true 
line would lio ^“ 0 !ll<*wlH're hfdwrcii llu'sci two httcd lines aiul tliat cities with low 
im-ome Irvidn in 1920 liad a greater relntivo decline than cities with high 
iiicfime li*vrln, I think Dial th(i luiatysis and the conclusion in this case are 
faulty- If llm <nily reason that individual cities did not full precisely on a 
straighl regrcHsiun line w'Ab hceauKo of errors in mcnsiiring the average 
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incnmi'H in Ihw Ihm Uie nviTiKhirt uwW r A^’l^^jTsUy, 

lints-(!v<-r, If llir* nwruf^c^ niy jirrri .rjy T-r riiy 

cacli VTiifi llior^' hUII w«iM Ik* a ilij’jvrry)»»n h^i*^ an<} 

ah no.’ll 41?^ much if* iti 'J ru^j^i in I!ik nl^» 

ftf^rv'alinnn prnlm!»ly contrihiiC^' rrliiliwly liUlr* rnj-frl.jiiiiijn 

belsvw^n 1020 aniil 1033 RYtjriii^r^ lUf^utiVK U U>tr, {hr* tf*- 

gwsimi lo hiivc ui^:c(l c^<»mpftr<‘ incMjr.r h vri in f-»f cihr?* 

Imviiij^ ft guTFi average income in lUJO hf Ih^ rj )5KU rtv^M^o 

mcomc nu 1020 average incomn. 

A h\y other relatively minor critiri»mwi phnul^l Iw' mritjo h^^^ reannrk*^ on 
iv’ieUimlolngy. 

()n page 23. in (liHcim^ng llie nieft-surenieiuL nf Uinmiv inrr|ualilty. the rela¬ 
tive riieril*i of llin *5tanflnr<l dovialhjn anti uf the snean nil ulirfer- 

(mroR hntween irnli\*ir|uyil fannlinn are rnsoiKir# ^1 ai aja*,ri «nrrt^f r^f ineitjurjlity, 
It is reinftrkeil that the ftLancInnl itrvmthm ifi^of fifK*ri;i| tUilily |^*r';4ure 4if il?i 
high miMipling aUhilily. TUi« higli ^mnivling frlahihly, in hwi, i-.an n^Uonlai^e 
of the KUiiulanl rinviaiion in Kainpling frf^in nnrmal and mhun nMn r pojm- 
Iftlioit^ hut Ui« Khiinlard devialinn may nr may rnil have Isighcr ^ nrnjOuig 
aLnhility than ntlirr rnenMjrea of iner|ijality when Minplinit fucnn ahnurnml 
dlKtrilnitirms «tncli ns the. income diRtril^nUon. 

h\ a kvj insluncfs Ihroughmil the vnUime, lewtarrf rigmOranre are itmde 
fiqiaratHy fur eaeli of Ihn 33 cilicB, and the ffiiirlu*^inn if* alnterl in iernjp mivU 
nii, on piige 70, H)in correlatian is frlati'^tleully %nifirant mi |)ir ft jKrceiit 
prulmhilifcy level in tho three casea tlml^hnw ilie larger rueflirient^^ of mr- 
rolation.'' Tlio indlviitnal tof^La of filgiiificaiicn Uiimi nii the larger iliffererirt K 
ohnervad among n fiol of oliMwvalUms are imprn|>er. 

Agnirii on pngo 101 and (he (np of page ]0i% Ihealaimnent in imule (Iml ft 
proper teat of di^crepanoieft of corlnin cih^ervaiioiis from n line of regn ^Hnn 
would eiiUil ftii ftimlyi^m of varinnen for oncli city mniph* hnl that fnr teeli- 
nieiil reaBoii^ tluH type of unalyeiK wan not earfied mit, TIk‘ leehninil n nsffiiH 
cited wore that tUe dialributinriH wore fur from nonnal- AotuaUy, tlu* type of 
test propo,sc(l ft'ill !)n n valid teal wlien donling with large nampleM whether or 
not tho hidividunl observaliorift are normally distributed, ami largi* KinnplcH 
wero being lined in Urn iiiHtancc. However, the prucess that was fulluweil fur 
dcftling with Uiib problem wan quite nflequiito fh that no ronfuMon in (In^ 
ftnalynm or hi the coiicluHioua that wore drawn rcRiltod, 

There are other minor errors that linve no j«ignifir.Hiil eflect on the eonelu- 
Biom from Iho anrdyHia. One or two riip.s Sn the text may Cftnse ruiifiiHioii. 
On page 100, foririnla (1; 2) Rliould ho <r* imitoad of ir. On page U13, it is 
stated tliftt can easily bo ahawn that the nrea of the jinlygnii AJiFU in: 
t +flu\y^\ aaUmlly tho polygon referred tn alumid Im Al)(*FIii 

On tho whole, tho nnidysiH iw a enroful and acliolurly one and coiilaiiiK an 
cxQollont bogmning in a fiotil whoro inoro nnalyaia nnd improved anidytioid 
tools are ncodod. 
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IlRviRw nv John Lintseh 
A^aintnnt ProJcHor of Finance^ Harvard University 

rpMiH Ijofik ft vftluftlilft addition to the ecries of stiidicB of income and 
X woftlUi by ii»enibcr»H of tho Hlaif iind conauUQnta of the National Bureau 
of ICcunoiuic U<!KParch. In tlu> i)roficnt volume, Dr. McndcrfihauBcn adds 
very mibp^tftuliftlly to our kiiowlcdRc of fluctuations in the size distributions 
of family inoimy incomes I»c5l\venii prcsjicrity and dciircsBiom Tho study is 
bused primarily on nn anidyHS of tlin valuable data on incomes of identical 
fiuiiilii s in 11120 and Hiipplicd fur larRe and niiddlc-sizcd citiea by 
the rimuu'iiil Hurvey of Urlain Housing* InforniaLion from this source is 
hupplomontvd by income tax MlalislicH for the United States, Wisconsin and 
Deliiware, ftiid cnriiiugs data from the Social Security Board and German 
ijiconic and wage data. iJr. AMcndcrsluuiKen'H work is thus based on a broader 
range of dalu, better mdUal to his imrpoKc of aiudyziiiR tlic clianging fltruc- 
tnru of the cjitirc range of tbc income dintribution, than has been used in 
aiO' /^ru^'iONs alndy. Tim material is haufllcd in n mrofid and competent 
manner. Moreover, the whole analysis is enriched by a considerable insight 
into Urn oemiojiiie forcr?s winch produce the observed changcB in the over-all 
distribution of inroincH, an<l tho interplay of olmngcs in dilTcrcjifc parts of 
the income Htruclurc, The important new information and annlyticnl results 
presented in this study, as well as the suggcslive discussion of their sig- 
ni(ii:iiiiet‘, and tlin priddiuns raintul for further investigation make this work 
iinporliiiil rcfuling for all economists. While at many points the exposition 
is involved and dilVnuilt, rend era of tho study will be well repaid for their 
effort, 

KcnJioniihlH arc concerned witli changes in the diaUlbution of income 
rccH|)lH Imcanso of tlu'ir signinciinl M'clfaro implicationa, and also because 
in the? difdributinn of incoino may be expected to alTcct the volume 
of agarr'galo flnnmmlH for consurricr goods as well fis the volume and coni- 
poMtimi (»f new .saving. Through Lhe.so fuctora, clmnges in the distnbuiio7i 
of ini'iniic: will inlliionco I he /cirl of total income payincnta, business activityj 
and (im[doyuronL Shirts in the fli^^lribiiUon of income influence aggregate 
den lands for conKUiners' goods nnd tho volume of saving because dilTeronb 
incuiiie groups t**inl on the average to apend differing proportions of their 
income cm various goods and corrcspoiidiugb^ to savo differing proportions 
of their income. In order to refine their cBlimnteB of the total demand for 
conHumers* ^(mmIh and the level of .savings that will tend to be associated 
with different levels of lottd iiieomo iiayiocnts, economiBts therefore need 
to know; (irel, how tbe lolid iiieoino will be diRlributecl between diflcient 
income grimps; ami Hceond, )n>\v tliesn differont income groups will tend on 
tlie iiviirage, to jdloi'iil<' their ineoiiie lietwcon different typos of Baving and 
expenditures on vaiitiuH cnnsumeiri' gomitt and Kcrvicoa. Memlorflliauscn^s 
work is concerned ex<'hi‘^ively with the firHl of these two typcH of information. 

llirt imimrlant conlriliulionH in this respect ere three in number. In the 
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firat pluco, hifi nm\U indicAi4:i llmt, ct^hliary Ihu 

relative dwpcjfhKJn or “inEjciualily** of ll*<? inroi»?r a 

UsnUs l<i v«ry inv<THH]f wUh Ui« uf Mvrr Lho 

cycle. Iticoiriei? Und Ui i>e rclalivfly more uiri<?^j:ii0lly •! in flc[prr!^ 

Rlon thnii in proHi^ority, The l'‘irijinri;d iSurvcy diita, d^ juluig dec line* 

from 11)29 U) rJ:j3* j^how Hint in loor^t M of Ihn inc<nnr» inr<|iifiliiy 
RrcjiU?r in tlin kttcr yt^ar, nnj the pojijdejnrntary dnila flnHiH l^nd Ji- 
arrtlly tu show n MinUnr l4^ndcney in iK^ritnlR *4 failinn iflKoniftip¬ 
ple mijntnry data likcwiifec Ruiii rnlly f*lir*w a drrlino >n in^^^junlily of llin 
entire iliHlrilmliim in yenra nf rW\n% in thi^t r,v4' Ih*^ r*\« 

ccjiUoim ivre Moincwliat innrc fr(HjwenU nddilion^itl fjnpjMirt for Uif 

liypijlIiCHis Lhrtt incimio im^jualiiy tlrcliiirm with rifirt^ infojD,^:^ wny W. 
fminil in tlio rerenl f<aii*pli»g i^urvcy rnmhnrl^d hy Um ri^'j^irto^nit i,f Af^ri- 
Gulture nml I he Federal Rmrve Rnanl, which irtdir.aU^!^ lhal for tho rnll^d 
StnUrrt M i\ sdndo the (lini umIk^x of iiirMinality at .CIS in 11115 ron;- 

pnred with .47 in 19U and ,-10 in lO-'h’i .18. Unwr^ver, llif npjjaTrril failure 
of inequidity tn detrmn Wlwern the lallcr Iwo year?? wj^ain FuinR 

doubt on the validity of the hyiH*llicH>v. 

In thifl connection, MtwUTV'linwMi tm t<i show thfil the 
tendency he fiinU for Ihn irmqunlity of the entire iauunjr- di' lrihutiMit In vary 
iuvcrw‘ly with the level iif loUl iucniM«^is U t-^rfcrfly cuii?ii«U'nl witli 
the lindingH iif earlier fflndieH tlinl (a) Lite iuequnliLy in the di^^lrihullMii id 
incoiiiGB over $5,00(J, nful (h) the tiliura of Um U>*\^ iCl **f inmnjn re- 
cipictitK in Uital iricpjne payntonU hnlh vary dirr^Hij with (he Irvr I nf ng- 
grCKalo iiicoina. IndtHJit, FinoncinI Harvey dnln hIuiw hnlh tin m* latter rlmr- 
ncUrit^tic^ Ns^hich relntCr however, only to changt^'j^ in Ihn in*"rnudily of ihn 
upper part of the income! wcnlc. Am norlcicwicj!; Imd *«lmwn, clmiif^rM in the 
inequality of the entire income diJilrihulUm dn\ir!nd nu llie (writthl- d) clumfti^H 
In innriuality within b<flh the up(K*r nnd lower groupM iif inroiuef^ m widl n« 
tho chnngea in the relutive mean iHCunica Imtwc^en thn gnnifH. Withnnt 
cxcciilion, MftudcMlmuHcn'a data mIiow liint the iniMpndily wilhin the hiwvr 
50% -70% of income rccipientn wart grrmter in lluui in K)2lh and Ihut 
tho rcdalivo difference in mean inronicfi of the Iwn gnnipH had inen uM^'d. 
Thew two efVcctM were aufficirnlly MlroiiK in inortl c.a^crt ti> uotwHgli llio n'- 
diiced iiicqurthty among the uiq^er range of iuemucH. Invqunlily u{ the whole 
diiitribulionft conRoquontly inarcawl. Tliis analyairt U impnrlnnt hcrmirto it 
omphasi/ca the danger of imputing chrmgOH in pari of tlie di^lrihution to 
the whole rniigo of ineoiiura, and hecaunn Mfirnlei^lmnffvida gioiernli<',alion, 
if later connrmcd more fiiUy, would hring the euipirrefil reHultM of rnlak'H 
and other atudios of tho ofTectfl of changing iiiiMumlity *4 iiironiea u\\ nni- 
Bumptiem oxpciuliture into ngreemont with the epilnhiirtlied lunly of eeoiioini!‘, 
nnalyam. 

Montlorslmurton'a bccoikI major conlrilmllon lioa in Iim effort lo rx|iliun 
tho observed changoo in the quantitative characietiaiicrt of differont acigmcuU 
of the fiizo dmtribution of total fninily incomes by calablisiiing patternfl of 
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cImnB<^ wilMn iho upper awd lower rungca of the flcpnrate clietributionB of 
different rjualitnlive typOB of income. For instance, the grenlcr inequality 
nrrionK lower incomca fhiring dcprcfisLon ia traced back to (a) the expansion 
of uunni]>loyiurnt, {b) llie Rrealcr imporlniice of the income gap between 
the enifdnycd arid tlm unemployed, (c) the unequal incidence of unemploy- 
iiioiit ainoiiK tin* hnvnr and tlie more highly paid workers, and (d) the increas¬ 
ing lueun differonco in tiio wage niUa of higli and low-pay jobs. This annlyflia 
roprcfi^Mits n higriilirunl lulvaneo in our understanding of clmugcs in the 
lowvr purl of the ineouin dislrihuthui. 

i^iiiiilarly, MendmhmiKcn rxplnum the changing distribution of the upper 
gr<iuprt uf income in Lermn of (n) the Leudoncy for income from i)ropci‘ty to 
fluctiiaU^ cvrlirally morn limn inoomo from work and (b) the fact that very 
higli inronirs usually include more income from property limn income from 
work. While this ox[ilaiu^linn is jirohahly ncccplablc in very general terms, 
it is marred hy the fad that property inconiOH are inado up of such hetero- 
gmuifius types u{ return as dlvidciuts, rents and royalties, interest, capital 
gidoH iiiimis capital losses, and *'othcr income.These different types of 
pro|»erly inrorne arc known to have different patterns of change over the 
oyrlc, and Iho entire explanation of the observed clmngcB in the distribu- 
lioii of large incrniies would liave been substantially improved if theso dif¬ 
ferences in tlic 1 , 11 ‘liavhn of different types of property income had been 
Htudied ami iiilrodunul iniu the lUiulyhiH. 

Tills effort to estaljlihli jnatenis of change in the distribution of different 
(lOidUative LyiM'H uf iiicoiiics reprcitciils a iiiohI constructive atep. Mondera- 
hauHon Hinjily doe‘H’t push his analysis of the behavior of different fnetoral 
iueoiueM far enough, parlioulurly in tlic case of property incomes, NevcrbliG- 
he pre.*<eiitM n vitv HUggi^slivn ami ljc)j>fiJl analyisis ns far ns lie goes, and 
it iw to h(', lioped that his work will slimuhac further study along these lines. 
»‘^nrely Ihis Ivjh? of analysis is an imlispenmvhlo suiiplcmcnt to the study of 
*‘iiu!iiine gmiernting funclions’^ Huggested by Marschak in hia preface, 

Tfm third important mutrihution of Alcinderaluiufien’s study is to provide 
(or the lirsL tiiuu in the lileruture aslmly in quantitative terms of the changes 
in Ihf* relative position of individual faniilies in the income scale between 
prosperity and depression, Kvoryone’s incoino docs not change in tlie same 
proportion over the cyele: Home families in each incoino group in a base year 
gain in relative ]inHilion, and others <lrop bcliind. Data on tiiesc shifts are 
provided by the I'inancifd Survey in the form of a joint distribution of 
hioiijiled faniili(*H by their income in both 1020 and 1933. Monderslmuscn 
limlH timl both the absolute niid relative diHpcr.sion of the 1033 incomes 
of Lho 4 (^ (aniilieH in ttie highest ami lowest income gioupa in 1020 arc greater 
than for the | \):\:\ ineomeH of tlie central income groups of 1929. Interestingly 
onoogh, tin* divepity ^>f the InglHiieomo families of 1033 with respect to 
their former ineomeH is less than the di.KiierHion of the top-incornc families 
of L020 with renpeel to their subseiiuent incomes, rcrhfip.s tho most sig- 
nificant OndingH roluLo to tho analyfliH of "favored” and “disfavored” groups 
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income grmipfi whq>^ mtM in^ciirria 'm lh«!i 151 ttr 

\m than wonUi have yim U allownw wrrt«? Fn3i.v5rnn1jr {ur 

in tho JftvnI nf UtUi inaomei*, Ihft ch5iTiR<^-j iS 4 c<jHiahly wf ih^ Mid »5j"?lrjlrAaU'm, 
ami Ihis diifU in rank of Ih'C tUHrilniMfn a tHirii Khr^ r^J i}ih 

standard, llio ncdiwni^ nf very Inw aim! i^nd<"?;4t»''Iy inr-fni'irp in 
fan? rplnlivdy \n*iUt during tht? t)iiu n,N<>!}^r>A!> Ij lt»w 

nnd extromffly UigU in mr zi^mix 

in tnnnH ot the rttinlive ftUhilily of dl^^^’rf'l^t ijmildnSavr iyi^ni rd 
itjUirn. 

This mini)dfi of Iho dinnging rrlitivr |M*Fiil^-<n[ iu (!«»" Br.iln UrA jikt^ 

now and *<iginTiciini grimnd« Imt ntorn ntudi^^f!) wall 1?^ M U'?>\. Uir* 

hility of llif' iniU’rn diowii for Ihi^ 193 33 M^^r/ovrr* i!in 

full viihici (pf IhifH tVfK* itiforrimlion rnnnoi Iw^ rf^dii'^rd unid liudijrt daln nrt* 
ivvnilnMn for tho nv^'rag^i c^nwiolihit^ nf of givrn yrar 

Income groupings croE^j-cbt^Mficd hy |irevknifs yriir«* int-onjD^ 

Fhft Week Piidefos ol Prices und Volume: A ffd SU<«' Wrinkly M^nc- 

m^wli nf TrapUiii^ \Vl»K*ily ami Iht^ ln‘ii5N‘<nJi1 Av<-r?iE,^9, ilfjjnHftJ* lUn 

Twenty Yrnf PitIimI 10^3 191-^^ Arlhiir A. M^frnlt, f?i-hi^M<f‘rl^Tidy N, Y.: \\w 
Anlhar (1507 Kirifi^«t*iii Ave.k 1010. IV ii, 32. Bim Va\^r. 

riitvrR«van fi? owR\* r“i,T 
7"^^^ AnnfvAlft 

0 ! Vkodd«?)5y, *Vri£) )VA ^ 

T ura 3l-pflgn pnrnphlnt comkU of a liro^pngc^ exjilnnnlory ^oeforf^ »nd 33 
pftgc> 4 i of Inblei- The Author hits attampU^il M ikMroilho 4^l(rlh**r it h 
possible to forecft'^L the wt^ekly trend of the ^Mck market by i^ludyisig (l) 
the U[i or down clmngOM in the Ihiw Jon^a Induf^trial prirc fivyragt\ mid (3) 
the diangoa in triidinR velocity (m niea-^urcd by ^tl 1 ^lrr*n per lrn<liog hour), 
in nnd\ of tUo five promling wenki?. Only changeiji cif trend wrrp erpn^'idi‘red, 
without regard to the uinonnt of change. The r^ludy cuvm the fM-riml 
Jivnvmry 1, V03f^ to May 3D, IDID, whicii Inchuka 1,01^3 ^^vc-^'p* 

(ono beginning oaoli week). The vnryipig imttern of changes in price mid 
voliiino for each fivo-wcok period have been studied in relulion to l)u^ trend 
of jjricea in llta week iinmedintcly following. 

There aro 32 basio pnllcrnB, representing the number of coiiildiialiruis 
of up rind down for a fivo-wcek period. Kucli page in llnm dovtiUul to n single 
price jiatLorn, which npponrs nt iho Lop of the j>age. Knrli price pattern may 
bo combined wath 32 potential volumo piittema of the same ehararlrr, m\*l 
all of the IrttLor arc rei>entnd on oiieh page, I'or exmiiplo, page J, iteiu 1, 
pUturcB K fiYc-wcck period in which both und vnlnme gained steadily; 
while on page 32, item 32, Imth priees and vnliiine were lower in each chu- 
aoouiive week. In between Ihoro are 1,IV33 other eoinbiimliuntt of prirc- 
volmno patterne, Opposite each paltt^rn liinro is imlicnted the mimbor of 
timoa tho market advancod in tho following w'cek and the nunibor of tinica 
It dcclinod. 
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Kvitlpnlly Lhis wyalcm proved Aomewhot dianppoinling, for Mr. Merrill 
decided In odd Llio r(!»idts when vohinic pnllcrna vnriod (from the one pic¬ 
tured) willi re!<|MVl to one week out of the five. Thus the number ot potential 
fiirmiHta WfMild he nearly doubled. In itrocewiiiig the rc.iulls Tor forecasting, it 
whk nhvittiit'ly neceatmry to select only ouLslniuling results where price 
r.liaiigi'M (in the week fi)ll»)wiiig the fivc-weok.s tost period) showed a pre- 
Hiiiideniiien of ups or ilowns. A.s to the value of the forecasting rosulta, the 
reitorl seour rather diffidriit mid iiieuinplnto. The writer in the last year and 
a half fniiii'l that he had "good luck" where the difference in the number of 
njts mid dnwrm w.m two or more, or where there wos a difference of five or 
morn tor the “near” volume patterns. In llii.s period there were eighteen cor¬ 
rect forecasts nnd four incorrecli so Hint the forecasts obtained wore 83 per 
ecnl nrcurnle; but rince 17 per cent wmdd involve losses, the net favorable 
rc.sult would be idmul 07 per cent. However, Iho failure to report any data 
oil the iiclual iimnuiils of gnins and Inssc.s, with allowance for dividend in- 
nune nnd nu'-l of iradiiiK (iiinludiiiK tnxc.s), makes the conclusion mainly 
<if Iheorntinsd iiilerest. 

Mornnver, nii|dyiiig the, same rulftH (diffcrenccB of two and five or more, 
in the artiml and near results) to the entire period covered by the book, 
l.llfiH weekn, (hdinite forecasts were apparently obtainable in only 101 weeks 
or id ptT cent of the time, as compared with 30 per cent in the short period 
reported by llie nulhor. No attempt was made to work out tho value of the 
forcra'-lw over the whole [leriod ns Ihis would involve coiiBidcrablc study 


by this reviewer. ^ i-i • , 

This H.vsteiii of (oreeusliiig i.s purely mcclmnicnl; it appears likely that 
mueh imire valuable resulla would ho obtainable if the amiml of change in 
prire and volume, inslend of merely the direction of the change, could be 
used in a foreensliiiK formula. This would, of course, involve a tremendous 
numher of eumpulatiuns; hut the problem would bo relatively simple for 
Komi! of llm wonderful new emiipiiling machines now nviiilnblo. Even tho 
use. of eiHiipmeiil, with imiichcd cards, would solve tho mechanical 
problem (Mr. Mcrrill'K lalmlarmns wore prepared “with the aid of a home¬ 
made e.-dculaliiiK marhinc"). 

Tlie number of re.seareh projects wlucli could bo dcvoloped to aid forc- 
raHliiig stoek market treiuln is limited only by the number of permutations 
mid eoinbiimlious of published data relating to the stock market^or by the 
energy mid lime posHesved liy the atudents of forecasting teehmciucs. The 
results slated in ^ir. MerriH's study are, so fragmentary and incomplete 
Diat liis little itroehiire. has lillle jiractical intcrost, except llwit it may open 
ii|i II ni'w (irhl of study for -students of ihn market. 



ncKiKs 


nf^, i<riUr*. 

piiUtlirftii^n in Jhn CVfir??r, «»y/'7*., 

prftimiiil}f *-fiHif"i ■'« fty fy<*i .ypf < r >, i 

trr^r^i on^ jil f;^iTrrniJy mmiI aif ► Kut^f fcrj 

dWp/nt Us^r **f fl htyfik a l^al it gV^n^il i>wjrwf* 

(<ir;is. wv rjT ,f‘ »‘ ir^«*’ ':.'77lfi’“*i^ "'/ ^trjJ 

rrWrlfll. /vrW<^fJ! tffilVli raitnUUfl ir*'(/Jjip fpi. ^1, f/7?ir'.. « p.ii/l 

l)f, ft) \hf 5‘'»i^w‘ iv/ f^r irj.'it'it /s-f? "viUf 

r'onfn^’^ftffw Iif<‘ 4 *i' 7 >U tx Ir thrr 

d /nlkr 7Tf**rrf^ p’<iMiV>afiP7Ji i* /»fffrf*j *tr^t Tti fh<> 


^BEQUEKCy ARRAYS 

M fpiiK Limii a ilrcmlc. |^^L■r^«^»^^l 

s'ltirti I fimt CRiiin um)M R ri»):iy r*f 
till! 'IS-pwKc brnikN't 1iy 11. K. H-nft^’r rit- 
lillc^tl f rfouffi/y /tJTdvfl' 
flw f/flc 0 j #^>tfiVjr 4 in Ike Stu/l^ 

0 j SlnlhiitM ^nti father /)i>ffiAw(irp»i^r, 
wliinli wRfl pnliliKihcd li,v lU*' 

Uitivcsmly in W2. Wl^ai 8«fwr 
calls ‘'ftrrrtvw” arc inure r^»nimitJily 
kttown t<idny 

lions, *■ R l^'rjwiiiMli^Ky inlnHhjwl hy 
Lnplaccj whi^ t*ni[plnyr’pl Uinm Mn- 
Itornnticidly in \\\n grral work, TA^«n« 
drtdtuf^u^g Dfa VnilHthiUf^s rr|i- 
li«n, Vnrifl, IHl2LfH»fn.r ivn 1 havit Imm 
B>il« to (Ic’lcrrmnc, Arrov*^ 

Wfi44 Llio firAl dc^mciiUrv nf 

l^cnoriiiiiiK fnncilonit writum in Knt^lisli 
oxiwsf^ly for Rluduciifi uf tHAlhcmAiirn) 
HUiiaLiciii. Al nny rule, \l waw lh« firM 
cxjwUuiu <i( i\m 1 

U|ian, and 1 wnn eager to own n co|iy. 
X Bdaii found 1 howdvor. Unit it wan 
Kinmany regarded Uy (lOukMdli^ra an 
being ouU)f-prinl, and Limt virlnnJIy 
nono of iny nlulisUcnl friemlR in llio 
IJnslod RlnlcH know of ihis booklet. 

During my vjMit to ICnglnml, ID35- 
37, I conLlinicfl jiiy iiUMiirlcH nlioiit 
Freimncjf Arrayn, nnd leiirnod ulLi^ 
matcly tnnt poaHibly n enpy might be 
obtained from L. ucevo «fe C-o. IddM 
ruliliflliera, in Aftliford, Kent, Tliia 
nrovnd lo Im the civdo, nnd prior lo 
World VViir ll, Uwee or four of my 
aUlialmn) frlcndn nnd I nhlniiird ropiifs 
from UdH source. In Mny of iliiN yenr 
I wrote lo Uio nbovo imblinUnrn In in- 
qillris rcgnnliiig Lho ponsjliilUy of g)*- 
Liiining iidililionnl copien of Frcqurneit 
Arrays^ Bincg my «imiHilcnl frioiidii 
Gontimiod lo oxhihit cv dcHiro to pur- 
ohftflo copies of tlufl booklet. In reply 
to my loLtor, tlio publiehonjfltniod that 


Si f?wijy Til^vrk rd 

Wrtrk Ir^Jl ^nti I'Ojqdy forUo'r 
r^^'ph s if ir'qnif/'d." 

Fn'<^'4<n<ri/ rrviewrd in 

\]nA Jl»0*w?kAt in r-*2.< tVid IH, p]>, 
id?.! 11174,' by 4ubf» Il7r<^ Miner, and 

r^inSaiijw ft nd ftojH-i'fl f>iyodKdir 

ro»’Uirtd *:d Brirftiisjg pr^d-nbdiiv-^rnrr- 
Rimg ft fid niMrre-jU i^riK'SRbng fntir* 
IhiUn Thr rrVje’ffl’ r‘»)n/*hidir,i wilh llm 
foShv^ftrig paiRgmidiii 

*'ThU f^ift'/’ giVf# lh*» 

Hftaditr wimp id ibr^ fft" 

^!r,H«i|w7 ibmd)'s ilwir 
o-psB? by hm yh^ bnaihti^ib 

IVifiWs.^n. l f ^oiKSaa r » ) rt^r-FI ? S«aL IS “UP<n15) 

\y\'^ and ti> ISf-'ii's' lirb 

RH WtpII S»» dbl I )1 

iai<l ptnfdr-mp rif f o4ifi-.r/)ii««ii. 

Ill OiU. US in nibpf fwhK ibw pynd«*lie 

pfesYsnq jlaifrU ft piivir tfid rri^iiir% 

bill w|iJpiH<fr it will r-ivmw jnii^ rift»rr*g*^o*' 
erAl uitn h bir \hp bHori^ l<i oh-Wimne 

In spilt? of thift fnvnrnbir rrvb^w, Fr^- 

? ^mnci4 Arroyff npprnrft In Imvi* 

»irly widely igm*nd in llie riiil**d 
HlftU‘t<i. On ibn tiUuT baud, in Hoiwr'H 
nbiumr>', by M. (Irr'enwnod, publifdieii 
in tbo Journof n/ lAe Atjivof ,N'bfff-(irfj| 
\\p. Ulf) MU, we 

find the folio wing: 

, 1 lUft wmk vrlikh wiUftUTtly k< i p 
biR iiitrinrjry green wlipn tlvi'w' wli(» 
kiiftvr Jiinl PivH biiii nre fiirginU ii i^i 
Frrviifnfj/ Arroj^ii, *nir» lb»yft\ 
r«l .SK iT'iy Iin« nt kft"i tli»' rre<lil tif 
prMvbig nil e^r-rjiMun in the min ilmt 
ibn |inip)it'i1n loit wiibtiin b<<iuior 
fn bln OMii iNDiniry. li {>« irtw llinl In 
oibrr ICnglbli JnnriinlK, Frttfueu^u Ar^ 
ffjyj wun M|Hikrn «if f^illiely, Ibil Mm 
only iinllco In nn ICnaliHb bmrnnl wbicdi 
I linvfl WR ivinveylHg Uio tmpn^nUin 
timl BQi>fir liiid loado s firnUruKi eoiw 
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i*KrrF;r4H .vrK)UT hooks 

lo plalSnliral mclhoiloloicy 
nM>RAfcTl in out- Journnl nvor llio itii- 
liVu L. 1. l.XXXVI. 07). ami 

(1ii> t’ouiiril in awanliMK Ihc Ouy 
nm^lo iiirntlon of ihla iract, 

Oinltn^^riliil fllTiliRtirifth?? con- 

finD thrmwlvc^ to vofoic imni4’ncefl. 

IV^ruh Acmlt*my r»f Hricnccu 
iovfinl»’<l Stj^rfT a Mfiiilyoii PrUo. anil 
the lal^* I’rMfr'sa^or 'lVlm\iniw «rolC n 
p* Viow ( Wof li Is iSffU ii H i' iV4tri/f« 

lOUi, III. 1U 17| iu wlilrU ho ihnrnr- 
ihf' UA^t riol. aw P^»ino other 
hhii<^^l. a<i nu Ini^i nhiUH way 
nf out whni ovorylrtnly Wnew 

Ufor^'. hiilan 'rinrii iiainhafl<'n HeUrnK 
aur formal inuiheinniifHrhen Auaru*- 
(un(( (left Hlailntikcm'." 

Todny lh(Ti‘ in nnrilliL'r lilllc book by 
a llrilbili aiilbor wbirii, by virluo of 
hivviiiu; noioo o:’?r»rriwi'H for tliij flljuloiil 
Lo work, In prolmbiy litjlhT 8Uileu than 
rn-Vurriry Arrrtys tn rlftHS-room in- 
ntniclirin in KcinrnlinR 
reft-r l« A. C. Ailkfii’H .Sl'KiHfiral 
J^ifhrni'iO'r.i (Ni‘w Yiirlt: Inlumicnpc, 
l’ntili!<lii‘r». l«l. iMliliiin, lonrlli 

(Milioii, lOl.’i. H.r.O),.wliipli w»wi rc- 

vii'W. d liy S. S. WiHiB in Him JonitHAi, 

(Viil. :in, ion, Pt'- Nnvtir- 

10 10 V i'xpi;n»'nr<% IcnrlUfra of 
nialiufmalii’al MtaliHlirpi, nun olhera, 
Mtil to HimI Frc^umcy Arrnyn a 
eliioniiirHiR lilUn vobimo, and many 
licfiri* lo a, mpy. ^ ^ 

TlnT*-fnri% I toko nb'nHUrn in inform- 
iiiK ri-mlt ra of ihirt JoriiKAi; Kitnorally 
tliiil roi>iia of 

Hlill III! imri'tiriMMl friiiii I,. A 
Mil., Siinki-y ‘ 

Ki'ih, J'IiikIiiiiiI; hImi fniiji •!«' A*'’*7 
(Jiirili-n rri-Ki, ):W Wi-ht Uiuun SirHil, 
I’liwiili'iiii, ('ii)iriirpiiri. Tins 
prii’i! iH :iH. fill.. iirmUiKt'. 2' •: .11'" 
AniiTii’an iiriro is Kfi crnla poHliiind. 
C'lnnu iuM* I'jnr.NnAHT, Amfnou 
/Vo/r.'flor oj i^ffJfhrrmifica ««« 
/norm Innriri, f/niirr.-iifT/ of M i«- 
noj^iri; Friunpui Mnthrumhnant 

jYofmiud /fiJi'j'fiii ri/iS'fflfidordn 


A. note on statistical books 
TN iir.viiiWiNU BiiiliKlipH liiiiikH^it ih 
X riiHioiiiiiry lo fliMi*»iKs sorb us 

Uir-linirnl an ururv, 
tlnii, imlriiiri’, loiii Hojluiobiy. i 
rtiiolhiT furlor wbiidi ikoyiMi inornbJiHio 
in wriiiTiK or uppruisiOK a book—Um 
alAliulii'iil rn-i'O of iho unlijor. AtjmH 
cnL tboro urr ltiri!<' major mtonm 

^roupH in iho buid of 
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with its own "frame of referonco"; the 
nialhomalical BialiBLician whoec 
mary inlcreal ia Uic theory of BtatiBUca^ 
the operaLin^ alalialician who applies 
HlalUtical principles and tcchniqucE to 
the solution of current problems of 
Rovernmeiil iind businoBB, and Iho aub- 
ject-iuaUcr specialifit Lo whom etatia- 
liCH is a tool subordinate to his inaior 
inltjreal, The prcvnillng pattern of etn- 
liHticnl thinking has been, nnd Htill is, 
llial of the latter group, rllhough the 
fiml groui) IB becoming moro and more 
inliueiUiiU. The BcconJ group is amall, 
dirtorKunized, nnd inoffoctunl profoB- 
Hionally, although it may bo tlio nu- 
clouB of _n real profesaion of praoticing 
HlntislicianQ. 

The conflict between the first two 
groups is a conflict which oxistB in any 
Hcience between theory and practice, a 
conflict which may ho helpful in mak¬ 
ing theory moro vital and practice 
more cfl'ieicnL Tlie real iasuo in Btatis- 
licK, however, is between the first two 
groups combined and the third group, 
aince thifl is a conflict between a grow¬ 
ing theoretical and applied science, on 
the one hand, and an older nnd oufc- 
iiiuded fllnlisUcnl creed, on Iho other. 
The liasic issues between theso two 
groujis may he summarizod as follows: 
The first group thinks of statistics as a 
Ihcoreticul and applied Hcicnco in its 
own right, The Bccond group does not, 
The first group believes applied Htalis- 
licB sliourd bo a full-time profcwaion, 
that statistical fnnelipiiB should bo 
assigned to Iheiitatislician, The second 
group ilocH not. Tlio first group sees 
the Hlatlalician as an expert jn statisti¬ 
cal inforenco and cstimalion^ based 
vipon sampling, and in Hlntifitical in¬ 
quiry genernlly, Tho Bocond group be¬ 
lieves that the flubjoct-mattor opeoial- 
iKt is the only person competent to 
miiko cstimales nnd inforoncca about 
iiiH subject m a tier. ^ 

The compartmentalization of ata- 

UbUch into economieSj Hociology, psy¬ 
chology, educEilion, biology, business, 
etc. has set up barriers to Iho full utdi- 
zalion nf ofneienL atiiListical principles 
and practices. If Urn biomctncjans and 
agrieulturiHlfl have dono better than 
the olherH. it is simply boenuBo they 
were fnrtuimLo in kyviuE an R, A. 
Vihher workinj^ m thcflo ficldsi rluB 

comparlmonlahBin ImR led 
of Btrangc notion a hucU as (1) FiBlicr e 
work iB limited to 
(2) apalyBisoC varianco and tho design 
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of inr^'juy Bt'i? JihpSirat^l*! ®4?|rT" 

cuUiirts fttiil mn*5f"n)i 

ji^rnphi^g rBnnrif'l \»f? in }4«:vrjHj 
ftcii^nrJT* RoMp. K(pillar birw'M l^in^ r^<in^ 
IribtiK'cl P* llair« Wlirf in •irotripArlmrn*- 
UUsm for 

Yal<»ia are* rollml »Sf^ii>h^43t T^hfirs 
/iMWjEjg^iVcff, AgririiU’HMl, tt9i4 ^ff>hrnt 
Hi^^tirk, ftJllluniri^h h.vr tuf |1 ir Dli 
Bit* lirnilcd in thi»ir njiplie^licftriA So \W 
Ihfw fkldfl tnrt\Uont"^l in i.iiilr, 
('omimrlrnvhluJiwiii tl 

hst» kril in nUti«iUrBl r<m<naion l^y in- 
Lroducing 'iV Vflrfvhr«4 
nytTiUol'n, 

iheory and rpif'^liiim«l*lr pr^iciirsp, ainl 
l>y ewn'*klrtH^y 

ifinl i« n isriffnre of 

principU^s) f alhiT tlian a VtnA \\%v 
And «li or (hand thal aim ran \mk up in 
A \w manihR, Tg ahnwr kww nur 
Biihjeet-rnAlkJr A|K^in1Ulii ait» in 
ijiK ii|i with flinljfiUcA, Uie Kdiiion 
of fincs/rfopi^dirt vlf»ir‘nV«ri'rt In ilP» IkSIt 
of bou^s iiliddr Ihd (opirft nf 
Mctliiiil and HuiiAlie^ rnrHr»a nti rrf- 
cri'ndu to It* A. Fi^lmr, *Sfdk'i>fi>of 
for Cfiml 

gdithiJi nkhou^h it irorilain^ Ihi* 

namcH of mtvrrAl boolcFS of dt^idicdl^ 
IcA^’t impartanro. 

CoriiparlinenLiifUin aoonm to ila 
Oxi»taticts and dsivdopmuiii In iho 
flp’AcluaUiAchaola h(N;auAO llmir dimial* 
letiA diacovored ifint aiBiirdioA Imd n 
role to play in d'cadrmic miiciarcU* 8Uk- 
iUli^n booKA warn wrillen in 0A4Rh Mi\ 
to meet tbU aciidemie nooU. A« dmo 
mnl on, it wm naanmnd Hint ilmao 
book 8 wttto viUid iMiurca» of Lrauung (or 
f «/f kinds of BlMiAliral work. Tho opor- 
‘HUuK and rtiiajarcU aUlialkinn m jov-* 
urrinmiiL nncl buainci^a knciwA how 
absurd Udfthsaumption i«.TimiV>cyt*tbt- 
hour ‘^HlAiiMiicinn,'" ovon Ibnush olFi- 
f^\^^\\y racsognuod by Um IJ. K, Civil 
Borvkc CommiAaion in 1930, ia ijindis 
mmVcly Irmiitd both in HUliHllcjil 
theory and instnUfllicAl praclicp. Wlint 
Hood \yi a nou" approHch to atatifliica 
baBOtl, not upon tlio imllcrna of Aca¬ 
demic research, but upon iho ncculn of 
governinouL and industry, 

Kor in thcro Any grcalArlikulilinod 
limt ilia roHUlta will bn Uolti^r in Llin 
fuluru slnco liolh alalinlknl ihoory uiul 
prnotlcu flro growing ui a lively paro. 
Afl n rnaiLer of fact nmny of tbe prob¬ 
lems now fneing govornmont and biifli- 
noflfl and iiuhialry rotiuire an oxporl in 
alAiiaticftl, eapociAlly flnmpUriK^ uoaifta, 
not an ocoiiomial or Booiologlat wlio 


hm hft'd a 9rnt.u}'flir‘ <(tf m 

I^:4r>r4 VisTir^r q %r)'K 
(cd pi a: r raj 

1 \V * ^ T'j''^ 

l'jr<j-7fj;s'rj:V, n't!"?! ^ ?, rrTj\|j;?*, 

Uimw Ju-j fiit-ur? Sfi 

T}< r M ?i M'P‘'p cl 

|j> 11*5*^11, iw 

WftSb piMl'kv'Ji id fl?-V 

bf<rMili«s 1 Oflli r' Hrfi iTifiiirt |br* 

S ififn! in fl(5ilj5>lirTi 

fibriukli d=(“9vil pnf-iTH*h"!B and 

AhfjuhH jniVflC'T 8»*dd*i ^tsiiopbriii, 

r^l.pus’il'SMn, and ud**trn<<" lu Ihnr 
r‘1ri'M;niEtry Rbiodd 

Uhrn vCi] rw4T^ id 

AuliKfH \i ijt 
aind*r»|^«u.9t ii''3 %\iK^ bjRl r^niip'ir in r^Ok^in 
thcfiir^ilrji'^ »*r »( ihr 

pnnwT du<^nisi 14^*11 bxil It la barpllv 
iju»rc Shan an inU'<»i.hj«*8b*n u» Iht* *nib- 
jrrb 

2, Ad^-auccil roui'i^rK In sh^?M^ prill* 
ripirs, m wrp %i, nVir wppbcniitHVte b* 

rsrh!?i', h'iUiw rniufic 

un piBn*cip|iif5ii. Iw ibiw ^nv it 

will m.il m (hr* virlini id 

ruSwd-ihunib wijirli ate ^db/n iimllli- 
cicnl, billT9ili Irani in Ihinl m |vriip?i(nf 
phneipWa apphrabl*^ prnMmn pilua- 
l<nn&. hmik!?! ahmild Im prrj^aml idnng 
twrt limA id library and Ppplica* 

(40tt«, 

3, IliAfilmrd In Hdnk ibni onr^rnn 
he A i!iln(kiikinn wriihout nri tmdrr- 
aUruling nf mnthMimtirii nt 
lhf»u«h the cakiibvH, MaCu irtnUrH 
KboiiUi be n pri.'rct|iiiipiie hi j^ltihsliral 
work, Vreitarr* siwrinl Uuiili^riiuirAl 
liookir f«r Ibe Ittvmi^n ninl nMa-rj^ iril^T- 
eSit’d in the hidib Wc sboulrt nui iry ii^ 
rniMit nil Alatialicnl iinaU in nru* i\\H\ of 
book. 

4, Havn more hoiikN prcjmrcil by (Im 
aeruiul group Ibost* on (lu! firing linis 
ill AlnllsliCA. Fnr a gciwriUinii wo have 

bad filrrr^olyiwil kxllrtmkH pri'iuin^d by 
BCttdemir aubjechnmlU'r wpi^rialihlii; 
nioro reei’iilly the niallienialiral alalin- 
(IcIaiih bavn iiiovml iiiin (ho iimrkut. 
Tlio farmer group i» wcnk on llicory, 
llio Iniler group la weak on iirarrico. 
\VhAt^vu ihumI nni bfuika (Imi sliuw bow 
Lo Apply prinriidea to llu* ^filutioJiH rd 
opisraling proldeiiift, “Appliod*' aUlis- 
liCA Lo dutu haa (letm largely liiuileil lo 
aeadonile rowmrrli. Hooka by hVy, 
BUowharU and Himnn are examples of 
iho typo of book we need* 



LKTt^^rtrt Auotrr nooKft 

5. lifKikR to itt<onn. rMlitr 

iimn Hi in»i»r4»i^'», n^iiilor. MiirL 
UmlA nfo ft ot 

\\v nn’rl m\ nf «U- 

lir^urR lr» Rivf* it nv’ftnniK. Wliiirn 
irmMirniftlirtil tU’nvAlinnH nrc Riven, 
llicv RHi RMIllorniM *^ HI illViilVfMl llllll 
ilie IfiRirnl un wliicli llio 

floriviiliHjH ftn* nrf* linrdiv nieii- 

liuiiril. ninlii* KlrifihR iih- 

ill iiiRlIir’iimrirftl miiRnriRO^ 
di>n?i itol *ii‘ imimhrIi. More nt- 

U'lilinh niM'iln lo !•»' rWi ii Mi 
prlnriiileft nml ft|ipji^ft**ij»^y io 

n-iil pnihU'niw. Tlini l<*i» uierr in a du- 
cifUnl Inok Ilf liftJfthre \n Hiino linokn, 
Knr rsamplr, run* Umk givi-H alnml 200 
pnRi« Ml nnli'x nniiiMrrfl and iHrindirily 

MiHlyHH, wliiUj fttniHn'r rivi r tihmi 50 
pjiRea M» rank unUr oirn'lniirm, Inil 
ruiUlier devoi^H anylkuiR In RlnilifiiMl 
frtridnin iiamiiliiiR fi« pandi, a nmpli innrc 

fmiilftiiiiMilnl pndilein. 

A. r. iMntAMir.H, .Sfri^jAhml /)n:i- 
01 nil, vf Urv- 

61111^, i^fr, 1). C. 


JASA RBViEW POLICY 

In Me taken 

iiiMi iirmniit in any rrfonnnlalinn 
uf ilie pn liniiMiirv aluMMiieiil nf Joi’h- 
li.KU review i»<dirv MppenrinR in (lift 
AiiRiihl 1015 iHRiift i»f llift.lAVI /Mil/rfm, 
(In* r‘!»;pn*RH«il iiLjri'livi n: 

a) 't’n pruvldf^ wiili n f*rliid- 

ftfly (lift fnr lln frots'ii 

rtodinM tpiidHue. 

h) Tn flfinnilnl^ lowmcl 

hlRk^r |in.fe»!^nii*inl rtMmdnidn hihiIik 
hy pniiMiiR r'-nd hlullnli- 
Cfti ^ rPInK nnd and My ci'ii- 

iPerinR Riallnlii'Jil wrilinw and 

Bfliularfilnp. 

In view nf llift inrreftHiiR Uinileney l« 
njiftciftliAi*, it Wfiuld appenr to Mr ii hir- 
iiirieanL iind vulid finiPlion of Uift 
JouiiKAir review (n ptMinole ft rnninnr- 
ilv of on the imrt nf HpenidirtlH 

in' nliier lirnindies of (lie Hnenre, rn- 
pcrirdly (iirouRk ftinplm‘dfion tin* wider 
applirnLililv of rimii‘p(*i nod inidli- 
odnloRV rlniraftMTodie nf one or nn- 
Ollier «|ii'eiidi/ri! (i*'1d. U windd alno 
Ri:i!in ren^^'Oialde In e\pi'rL lln* r^fviiiw 
to Rive Rui'liinee to anlliorH iih well 114 
Lo renders, liironedi eoiniiu'iilury and 
ReuijrnliAiilinii wl/udi iiiM'd md imply 
prniHe or cenwuro of ll'ft work niuler 
conaidcrftlmn. Altmilion might ho di- 
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reeled, not only to the individual au- 
Ihor'u errora great and small, hut also 
lr> the areas sllll to be cxplorcdi to tho 
syiiLUeses still lo ho made, to perspec¬ 
tives which fllioiild become more Rcn- 
oral, lo Iho inovilahlc nnaebroniamB 
iiilroduccd by the mixluro of new and 
claHsirnl view pout la in Uio treatment 
of difTercnl ))hivses of BtaLislks, to the 
exiHtcilcc of iinporlnnt contributions in 
[leriodirulB or in foroign-langiJagQ liL- 
eradiro which arc iisimlly overlooked, 
olc. PurLluirmoro. there is slill room 
fur the '^crcnlivo’ review, wliich gooa 
on to make an oriRinal conlrilnition 
inspired by some aspect of the work 
under scruliny. 

Tho traditional kind of review may 
he of little value to tho nonstalistical or 
niniiisMtlisilcnl reader who has a linv 
iUfd technical background but is nqv- 
erthelesg iulcreHlcd in, or working in, 
ftoiiie plinso of the scienco. »Such read¬ 
ers, according lo tho Juno 1G40 Joun- 
NAh, would Kcom to compose the large 
nmiorily of Association members— 
pcrlmps, ft 8lUI IftTRcr maiorily if the 
Kfttioiud Uofllcr donniHon of a elatiBli- 
eiiui {Af>A Bulletin, Mfty 1046) were 
anplied. Furlhennoro, many atatiati- 
eiaii meinijorfl, LrnincU before the 
Fisher-Koyiimn revolution, have an 
nriHure grasp of the newer Btalislical 
tfiola and follow contemporary lilora- 
lure with diniculiy. Tlio elevation of 
profftssioiiftl standards clopcndB to a 
large extent on the RUccGBflful develop-' 
iiierit of ft Bound but rclaUvcIy non- 
teniinicftl lileralurc lo meet tho needs 
of --- 


>f tho uonBiftlisilcianR, tlic Bomifltfttk- 
citms, ftiui the quiiRi-sUtislicianB m the ;* 
AfiKncinlioiu Rpcciiil allcnlion aliould 
lift given lo the review of such litcrn- 
hire, which in not apccirically mcn- 
lioned in the August 1046 list of four 
tvpifB of puldicationa lo bo roviowed m 
llio JoniiNATr, , ^ 

All meinhora, rnuging from the non- 
Htfttislieian to the spccialiHt, could 
h one lit from “10 view arliclcB —^^cBsays 
widf’h auinmarisio in syalcmatic, in- 
li-Rrftlcd form the accomplishment in 
a linuioh of HtatieticH Lo (fata, or which 
iiresonl moro or Icbb author^itativc 
HlalftinonlB on fumlftmenlal nolionB of 
the Hciimce, general molbodflp ole, buon 
OHHftyH HhcMihl be written by invitation, 
nnilifthly by moro limn ono person or 
with Ibo guidance of ft coinmiLlco of 
hroftd pcrspeclivop . , , 

Finally, it would Bcom desirable 
lo fionatriio tbo objoclivoB of reader 



m 

indti^lp, m ft r'inLrt^iAKili'&#’^ 

ihi<? iriMrtifV‘<‘>sb 

ituf ftnJ, iii 4 ^t,f r 

tttifil^’wiirk,^^ nft 'HiKh 

iilitiMUl lwk<* (r,4 

t^Wcrvaiion^ pimilBf hf 

Jca^ftNAJi it*vii7ww. Th^H I'j^i'i'fltft’Jwn 

and t^t?rifHlir. mvU<i<in |.wm5(«i^i5. 


K'^r ^>,w‘!4^(^4r.i!j S-r* ^ / njrftrjau svf 

Iliff ,/!i fitfiir^nnVMufri, rpp iTovigH.? 

71111^1 RlTj'n-riSl^ftt f-rsj 
i'oH^ajy* tT'V^’T^ I'f I/V 



STAllKTICAL METHODOI.OGY INDEX, NO. 6 

A QlJAUTElUiY OUIDE TO CUIlllENT LITERATURE 
ICditrd hy 

Ohcau K 1118 EN I5uhob 
Itulijcra Unii'craily 


Th\^ ItihUiigrafhiif' pTfflrnln rtielhoilology lileratnre 

ihfpr^.ami rhn}ilnfl) /JiiMis/iffl in 1046 (odaic. Anonymous 
VfJtrftifrR nrr ^fihrf rfjfrtnrtn follow tn al'phabclical sca^ucnce 

by oulh*>r^. numi^fr {in varcnihc8e8)j 

«n<f rkfc of inue arc gum for each journal reference. Stars 
iiidiratr bunln, Oircf i. and pntnphkU; otticriskB indicate pubiicaliond seen 
by (hf^ editor tj ihia Isurx. /liii/iwrii of papers on sialhiiral methodology 
arc I'mYfrr/ la rirfid rcprinln lo (hear K. Jiuros, Hutgers University^ New 
rfVnr Jn.-ry in order tofarililaU promiit ami acc«ra(c lutingd. 
For figndnr,gunge paper ft phonW be arrampfinird ay Iramla(tana 

nf Infnrmalion n aboui references omitted. 


SlRlIfllkfi til thft UnlvorerUy of Wla- 
confiin. yhomr/firif It 2<4):f0 3 An 

|a:*3 

MVtu, llHWftrfl H., riinl nMp|>cr, 
drain M, Thfi Aulomallc Se<|ucnce 
Corilroiled C&lcuUlor. Fler hng 65 
(K «, 10, n):;iKl 111. ^SlU 
Ah-S, 0, N ‘ in/ ^ 1054 

^Ailki^ii, A. SlaUallcfll Mutho- 
maUca, Pourlh Eilillon. KilinlmrRb, 
Oliver k )h*y\ t.ul , 1015. 
rp, vi. 153. 5«i. (Ni'W York: Inlor- 
wnninn ruldinlmr^^ liu*. 11.75.)^ 1055 

AuinrieMii IiihI ihil4M*f KlerUii nl Kn- 
aini'i'Pit Siila 'iininillno iMi KiliirarniMai 
Arltvinew (J. SluHiinle, II, V. 

A. 1. nml U. K. Warelmiu)- 

SutUtlcnl Mi'lhoils in Qiiallly Con- 
Irol! 9, StftilflUcal TesU of xSl^niflcanl 
DlffcrcttccB. Fler Fug Ori(M)):inO H 

0 ’►in.* 

/Smihf di. U., aiwl (Mruko, 1*. 0. 
Frenuency liislribuUom va. AccepU 
nnce Table. IndQual Cunfral 3(2):22“7 

K^ln,• lil'^ 

linker, 0. A* niftlrllMitlon of (ho 
Hallo of Sample HfliiRe lo xSnmplo 
Slandard Povkllon for Normal nnO 
ComblnalloriB of Norinnl DlfiUllmUone. 
Arm Moth Sint I7(:i);:ir.n {) N‘40.* 

lliirlleH. Neil H- A Puncbed-Cnrd 
Tecimiqua for Computing Mennu, 
Standard DcvIttllouB, and tlie Troducl- 
Moiuent Correlation Coemdent and 


for IlBling Scaltorgramfl, Sci 104 
(2703):374-5O 18'40.* (050 

Union, W. J)., and Trout, G. M. 

A Critical Study of the Summatlon-of- 
Dlffcrcncc-ln-Kank Method of Deter¬ 
mining Proficiency In Judging Dairy 
ProducU. Uiomctrics B 2(4):(17-0 Ag 
MO/ 

llerkor, II. W. SllrllngM NumberB of 
the Third Kind. Abntrnct. D Am 
Afof5 AV52{0):820 8 MO.* [QOl 

llirn))aum, Z. W. Tshebyahefl In¬ 
equality for Two Dlmenalons. Ab- 
Htrart. U Am A/nfA iVoc 52(7);021 JJ 
*40/ 

lllaok, llorlrnm J., nnd Olcla, Ed¬ 
ward 11. A Punched Card Method for 
PrcBcnling, Analyzing, and Comparing 
Many Scries of SlallBllcs for Areas. 

J Am Sial Assn 41(235)i347-fi6 S 
*45/ 

lllackwcll, David. Conditional Ex¬ 
pectation and Unbiased SequcnUal 
Ksllmailon. AbHlracL B Am MaihSoc 

52(0):820 a'40/ JOG/ 

lllnokwell, D-, and Girsluck, M. A. 
On PuncUonfl of Sequences of Inde- 
ncndcnl Chanco Vectors with AppHc^ 
lloRB to the Problem of d»o ! 

Walk” In h ’DUti^nstons. Ann Math 

■'«,e'arScon;,UdK 

I)roB<lon, Hubert L. An Approach 


026 





m 

(<3 ihe I’fobkitt d 

dkUQO. ^^inwh^mdrik^ IS^3) 139 3^1 8 

*4fi.^ 

[^rumb^uftb, Msiiiin A R^- 

9) :a»i 3 ak-b 

UrumUa^jiH, \lariin A. RejKiUtlRl; 
Qua^llif <0 In4 

Qiixit Conlfd mi :5 7 H ^ 

lUit^^i*, O^r'Ar Kl&ligUc^il 

Mfttbodolog]^ TftdcXi ?!p. 4. J 
.S7fl( AA&n 41(234) 270 4 Jc Mfi •• 

Uwtfyp, BuUsmkftl 

Methodd[oj^$< Index, Kn, S, J Am 
WMf Atitn 4U23.*i);4iri 20K"45.^ 
(!ttrUnn, A. EsUtnaUnR Ihe 

raninTcterfl of n Aedan|:ular DiXHbu- 
lion. Arm Sfaih A7«f l7(3).35r^ H H 
MO.* t|072 

Colley, TL How lo Dcier- 

tnlno ine Slite of ft Surfcy Samplf^^ 
Hr Ink 2l0riD):354- HHMO/ 3073 
*Cnim^r, lUrnM, Malhcmallcftl 
Mefhodft or Slailallcs. t^niriKalo, Sete^- 
dfl/i; Almovlm ^ lllir*. Tp. 

xsfi, (rtiur^iUm, K. J.; l*rinceUm 
Uulvwily Proi^n, 1040. 10 00,)* Tf9 U 
rmVirc^f. 1074 

Crnxt^n, Frederick, «nd C^w^U^h, 
Dudley J. Tnblcs Id PadllUeo Compw- 
Iftdon of SampUna LImiU of 9 and 
Fiducial UmiU of Sigmat fniil Ouol 
Control n Jl 'ifl/ Tft7S 

Diivla, Alfred I#. The Qiiclllf Co»- 
irol OittftnitAtlon* /nd Quo I Conlrol 
(2)3;lMnSMO/ im 

I)(i Liiry, D. Ih The Aciolyflls of LnU 
In Sttuatoa When Some ObaerveiUona 
Are Mififtins. S Am Stol Aun 4U23ri): 
370 «9 « MO, ♦ (077 

*I)nnetJTi, nnviil B.. nnd IConTiey, 
Joliji F- On the Solution of Kormni 
Equallonii and Kelftled TopUa. Mil¬ 
waukee 3, WiB.: lUmk Slore, Univer- 
fldy KxloiiBlmi Divluinn (033 Went 
8UH0 61.). 1040. Fn. ili, 35. $1.00. 
Fnjjer. Jfmeiwd in l/iia iaiue. [078 
Fra^ F*i and Kae, M, On Certain 
Limit Theorema of the Theory of 
ProbabnUy, J] Am Math Soc 53(4): 
202^302 An MO/ [070 

Eftfleen. Cftrl-Giinrav. Fourier Analy- 
aia of Distribution FuncUons: A 
emaUcftl Study o( the Laolace-CnuB'^ 
Hinn Law. Ada A/d/iomoftcfi 77(1-2): 
1-135'4 5.* |0R0 

FoUer, W, The taw o£ tUo Iterated 
Logurlihm for Identically DJutrlbuted 
Random Vnrlabloa, Ann Math 47(4): 
oai-a 0 MO/ (ofli 

Finney D. J. The Analysia of a 
Factorial Series of Insecticide Tests. 


^ lAfca 

Furijr.py^ .3 Tb^ Pi^!<lur'inty blB- 
(ftbuimn 0i frnm M^sna and 

Fcareaft?«^ia Un*s in K^implrfl /mm b 
l?4e!-im«l T^pidaiion* A*iin 
Xin’i'K l^:^i Mi 9 8 M5/ ir;aa 
Ksrirr^y, li ,1, tlilhog<?«al PftrtillonB 
of ih^ 5>i'?5 IpSU« f^warca. .K’? hMp 
i :i ApMri^ K^H4 

D. J JutploipmcoU 

In ih<!' Expcrlmt^nls: 

lUi J Iffric 

.Vi c.% im 

Fjpl-n. n A Thf Filling of Gene 

Fiei|!rt«fntl*jg to Daltt nn BLh^sKwfi R«bc- 
Uona, /ln«i }ty& I IiMf /* Ag '45.* 

\m 

F. IF Fvnth Cartia In 
CormUliOR Sludieft. f'h^m ife h*ng 
AVfe'4s 2nT2i 23(177 N MA. ' 1AH7 
fUdiwsib^ On Ibc 

Order 01 AppmximsUon InTolvcd in 
Ls^aenM Cenir^l Umli Theorem In 
FfOMbHliy. 7«d) :i2;i fi Ap 

Mft/ l«^H 

(iilhinfi, tv. F. QualHy Control by 
Builallcil Af^ihoda Applied lo Line 
FlodMCViOR, /nd QmoI Coninsf 3^2) .7 12 
8*45/ [589 

(Jin>lrifb^M. A CnnlrlbullonB lo the 
Thnorj of Seow^nliftl Analyai?!: II, Ul. 
Ann kttfk 17(3) 282 0« K '45/ 

inoo 

flffiWnnl. 1., H. The Actuwoifttlon 
of Chance HITecia and ihn Gauastiitt 
Frequency Dlslrlbullon. /'in/os 
39(257)m 5ft 33 d^ "45/ 

CSm|flp-f?f>, Ffobability and 

Qualliy Conlrpl, Am Mtirh 9<I(I7); 
no I A{? 15 MO/ 1002 

Cirmrlwiu, Uirhnrd, Innofftllons and 
(he Irregularliy of Economic CycloSc 

n Hrm Slot 6 Hl 2 )i 05 Itn My *45.; 

(503 

★Grant. KuROue L. BtatUMcftl QunU 
Ity Control. Kow York IM; MrOrnw*- 
lull thuik Gfi., Im., 1045. Fp. xii. 
503, $5.00.• 7'o hfi rtmtmil. [504 
Orulilwi, Frank K. The Dinerotice 
Control Chart With an Example of 
Its Use. 7fid Qiiol Control 3(I):22-5 Jl 
MO/ 

ChiiUnau, lm\h, BnlarBoment Meth¬ 
ods for Computing tho Inverse) Matrix. 
Ann Moth AVol 17(3):330MD H '45/ 

(500 

HnMftno, J, F. ft. The Cuniulanls 
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